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Index to Linear Integrated Circuits 


(Circuits marked with an asterisk are also available in chip form. A data 
sheet on Linear 1C chips, File No. 516, is available on request.) 


Type No. 

Page Description 

File 

No. 

CA101 

26 

operational amplifier 

786 

CA101A 

26 

operational amplifier 

786 

CA107 

35 

operational amplifier 

785 

CA108 

41 

precision operational amplifier 

621 

CA108A 

41 

precision operational amplifier 

621 

CA111 

48 

voltage comparator 

797 

CA201 

26 

operational amplifier 

786 

CA201A 

26 

operational amplifier 

786 

CA207 

35 

operational amplifier 

785 

CA208 

41 

precision operational amplifier 

621 

CA208A 

41 

precision operational amplifier 

621 

CA211 

48 

voltage comparator 

797 

*CA301 A 

26 

operational amplifier 

786 

*CA307 

35 

operational amplifier 

785 

*CA308 

41 

precision operational amplifier 

621 

CA308A 

41 

precision operational amplifier 

621 

*CA31 1 

48 

voltage comparator 

797 

*CA339 

59 

quad voltage comparator 

795 

CA339A 

59 

quad voltage comparator 

795 

CA555 

63 

timer 

834 

CA555C 

63 

timer 

834 

*CA723 

67 

voltage regulator 

788 

CA723C 

67 

voltage regulator 

788 

CA741 

77 

operational amplifier 

531 

*CA741C 

77 

operational amplifier 

531 

CA747 

77 

operational amplifier 

531 

*CA747C 

77 

operational amplifier 

531 

CA748 

77 

operational amplifier 

531 

*CA748C 

77 

operational amplifier 

531 

CA758 

84 

RC phase-lock-loop stereo decoder 

760 

CA810 

89 

7-W audio power amplifier 

prel 

CA1310 

93 

RC phase-lock-loop stereo decoder 

761 

CA1352 

98 

TV video amplifier 

prel 

CA1398 

99 

TV chroma processor 

686 

*CA1458 

77 

operational amplifier 

531 

*CA1541 

102 

memory sense amplifier 

536 

CA1558 

77 

operational amplifier 

531 

CA2111A 

109 

FM if subsystem 

612 

*CA3000 

114 

dc amplifier 

121 

*CA3001 

119 

video amplifier 

122 

*CA3002 

125 

if amplifier 

123 

CA3004 

130 

rf amplifier 

124 

*CA3005 

136 

rf amplifier 

125 

CA3006 

136 

rf amplifier 

125 

CA3007 

142 

af amplifier 

126 

CA3008 

147 

operational amplifier 

316 

CA3008A 

154 

operational amplifier 

310 

CA3010 

147 

operational amplifier 

316 

CA3010A 

154 

operational amplifier 

310 

CA301 1 

161 

wide-band amplifier 

128 

*CA3012 

161 

wide-band amplifier 

128 

CA3013 

166 

wide-band amplifier-discriminator 

129 

CA3014 

166 

wide-band amplifier-discriminator 

129 

♦CA3015 

147 

operational amplifier 

316 

CA3015A 

154 

operational amplifier 

310 

CA3016 

147 

operational amplifier 

316 

CA3016A 

154 

operational amplifier 

310 

*CA3018 

173 

transistor array 

338 

CA3018A 

173 

transistor array 

338 

*CA3019 

179 

diode array 

236 

•CA3020 

182 

wide-band power amplifier 

339 

CA3020A 

182 

wide-band power amplifier 

339 

CA3021 

190 

low-power video amplifier 

243 

♦CA3022 

190 

low-power video amplifier 

243 

•CA3023 

190 

low-power video amplifier 

243 


Type No. 

Page Description 

File 

No. 

*CA3026 

196 

dual differential amplifier 

388 

•CA3028A 

204 

differential/cascode amplifier 

382 

CA3028B 

204 

differential/cascode amplifier 

382 

CA3029 

147 

operational amplifier 

316 

CA3029A 

154 

operational amplifier 

310 

CA3030 

147 

operational amplifier 

316 

CA3030A 

154 

operational amplifer 

310 

*CA3033 

214 

operational amplifier 

360 

CA3033A 

214 

operational amplifier 

360 

*CA3035 

222 

wide-band amplifier array 

274 

CA3036 

225 

dual Darlington array 

275 

CA3037 

147 

operational amplifier 

316 

CA3037A 

154 

operational amplifier 

310 

CA3038 

147 

operational amplifier 

316 

CA3038A 

154 

operational amplifier 

310 

*CA3039 

227 

diode array 

343 

CA3040 

230 

wide-band amplifier 

363 

CA3041 

236 

TV if sound subsystem 

318 

CA3042 

243 

TV if sound subsystem 

319 

*CA3043 

250 

FM if subsystem 

331 

CA3044 

255 

TV automatic-fine-tuning subsystem 

340 

•CA3045 

260 

transistor array 

341 

CA3046 

260 

transistor array 

341 

CA3047 

214 

operational amplifier 

360 

CA3047A 

214 

operational amplifier 

360 

*CA3048 

266 

amplifier array 

377 

•CA3049 

273 

dual differential amplifier 

611 

CA3050 

282 

dual differential amplifier 

361 

CA3051 

282 

dual differential amplifier 

361 

CA3052 

289 

stereo preamplifier 

387 

CA3053 

204 

differential/cascode amplifier 

382 

*CA3054 

196 

dual differential amplifier 

388 

CA3058 

297 

zero-voltage switch 

490 

*CA3059 

297 

zero-voltage switch 

490 

*CA3060 

305 

OT A array 

537 

CA3060A 

305 

OTA array 

537 

CA3060B 

305 

OTA array 

537 

CA3062 

317 

photo detector and power amplifier 

421 

CA3064 

324 

TV automatic-fine-tuning subsystem 

396 

CA3065 

331 

TV if sound system 

412 

CA3066 

337 

TV chroma signal processor 

466 

CA3067 

337 

TV chroma demodulator 

466 

CA3068 

352 

TV video if system 

467 

CA3070 

359 

TV chroma signal processor 

468 

CA3071 

359 

TV chroma amplifier 

468 

CA3072 

359 

TV chroma demodulator 

468 

*CA3075 

375 

FM if subsystem 

429 

*CA3076 

379 

FM if gain block 

430 

*CA3078 

383 

micropower operational amplifier 

535 

CA3078A 

383 

micropower operational amplifier 

535 

CA3079 

297 

zero-voltage switch 

490 

*CA3080 

392 

operational transconductance amplifier 

475 

CA3080A 

392 

operational transconductance amplifier 

475 

*CA3081 

399 

transistor array (n-p-n) 

480 

*CA3082 

399 

transistor array (n-p-n) 

480 

*CA3083 

402 

transistor array (n-p-n) 

481 

*CA3084 

405 

transistor array (p-n-p) 

482 

*CA3085 

411 

positive voltage regulator 

491 

CA3085A 

411 

positive voltage regulator 

491 

CA3085B 

411 

positive voltage regulator 

491 

CA3086 

418 

transistor array (n-p-n) 

483 

CA3088 

423 

AM receiver subsystem 

560 

CA3089 

427 

FM if system 

561 

CA3090A 

433 

stereo multiplex decoder 

684 

*CA3091 

439 

four-quadrant multiplier 

534 
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Index to Linear Integrated Circuits (cont'd) 


Type No. 

Page 

Description 

File 

No. 

Type No. 

Page 

Description 

File 

No. 

•CA3093 

451 

transistor-diode array 

533 

*CA3130 

563 

COS/MOS operational amplifier 

817 

*CA3094 

457 

programmable power-switch/amplifier 

598 

CA3131 

578 

5-W audio amplifier 

prel 

CA3094A 

457 

programmable power-switch/amplifier 

598 

CA3132 

578 

5-W audio amplifier 

prel 

CA3094B 

457 

programmable power-switch/amplifier 

598 

CA3134 

581 

TV sound if and audio output subsystem 

prel 

*CA3095 

470 

super-beta transistor array 

591 

•CA3146 

517 

high-voltage transistor array (n-p-n) 

532 

*CA3096 

480 

n-p-n/p-n-p transistor array 

595 

CA3146A 

517 

high-voltage transistor array (n-p-n) 

532 

CA3096A 

480 

n-p-n/p-n-p transistor array 

595 

*CA3183 

517 

high-voltage transistor array (n-p-n) 

532 

*CA3097 

490 

thyristor/transistor array 

633 

CA3183A 

517 

high-voltage transistor array (n-p-n) 

532 

*CA3099 

503 

programmable comparator 

620 

*CA3401 

584 

quad operational amplifier 

630 

•CA3100 

511 

wide-band operational amplifier 

625 

CA3600 

588 

COS/MOS transistor array 

619 

*CA3102 

273 

dual differential amplifier 

611 

CA3724G 

601 

high-current transistor array (n-p-n) 

prel 

*CA31 18 

517 

high-voltage transistor array (n-p-n) 

532 

CA3725G 

601 

high-current transistor array (n-p-n) 

prel 

CA3118A 

517 

high-voltage transistor array (n-p-n) 

532 

CA6078A 

604 

low-noise operational amplifier 

592 

CA3120 

527 

TV signal processor 

691 

CA6741 

604 

low-noise operational amplifier 

592 

CA3121 

535 

TV chroma amplifier/demodulator 

688 

CD2500 

608 

BCD-to-7-segment decoder/driver 

392 

CA3123 

541 

AM radio receiver subsystem 

631 

CD2501 

608 

BCD-to-7-segment decoder/driver 

392 

CA3125 

545 

TV chroma demodulator. 

685 

CD2502 

608 

BCD-to-7-segment decoder/driver 

392 

CA3126 

548 

TV chroma processor 

860 

CD2503 

608 

BCD-to-7-segment decoder/driver 

392 

*CA3127 

555 

high-frequency n-p-n transistor array 

662 





CA3128 

561 

TV chroma processor for PAL systems 

prel 






Notes: For types available in beam-lead versions (File No. 515), refer to page 613. 

For RCA linear 1C packages, lead forms, and identifying suffix letters for package types, refer to page 19. 


Index to DMOS Devices 


Type No. 

Page Description 

File 

No. 

Type No. 

Page Description 

File 

No. 

3N128 

642 single-gate amplifier 

309 

40559A 

702 

single-gate mixer 

323 

3N138 

647 single-gate chopper and multiplexer 

283 

40600 

706 

dual-gate rf amplifier 

333 

3N139 

650 single-gate af and rf amplifier 

284 

40601 

706 

dual-gate if amplifier 

333 

3N140 

655 dual-gate rf amplifier 

285 

40602 

706 

dual-gate mixer 

333 

3N141 

655 dual-gate mixer 

285 

40603 

714 

dual-gate rf amplifier 

334 

3N142 

662 single-gate rf amplifier 

286 

40604 

714 

dual-gate mixer 

334 

3N143 

642 single-gate vhf mixer/oscillator 

309 

40673 

718 

dual-gate rf amplifier 

381 

3N152 

667 single-gate vhf amplifier 

314 

40819 

725 

dual-gate rf amplifier 

463 

3N153 

672 single-gate chopper/multiplexer 

320 

40820 

732 

dual-gate rf amplifier 

464 

3N154 

674 single-gate vhf amplifier 

335 

40821 

732 

dual-gate mixer 

464 

3N159 

678 dual-gate rf amplifier 

326 

40822 

739 

dual-gate rf amplifier 

465 

3N187 

684 dual-gate rf amplifier 

436 

40823 

739 

dual-gate mixer 

465 

3N200 
40467 A 
40468A 

691 dual-gate rf amplifier 

698 single-gate vhf amplifier 

702 single-gate rf amplifier 

437 

324 

323 

40841 

745 

dual-gate general-purpose type 

489 


Linear 1C New Products Program 

The linear integrated circuits listed below are some of the devices scheduled for introduction during 1975. For further 
information concerning announcement schedules and availability, contact your RCA representative or supplier or watch for 
announcement in the RCA Solid State Announcement Newsletter, "What's New In Solid State", referred to on the inside 
front cover of this DATABOOK. 

Consumer Types 


Description 

CD-4 Quadraphonic Demodulator and Noise-Suppression Circuit 

TV Horizontal Processor, Positive Sync 

TV Horizontal Processor, Negative Sync 

FM Detector and Limiter With Voltage Regulator 

High-Gain Dual-Gate MOS/FET for TV Mixer Applications 

Two-Terminal Temperature Sensor 

7-Watt Audio Amplifier with Load Dump Protection 

(Positive Voltage Transients) 


Industrial Types 


Type No. 


Description 


CA7800 
CA1488 
CA1489, 89 A 
CA75361 A 
CA521 


Voltage Regulator Series 
Quad Line Driver 
Quad Line Receivers 
Memory Driver 
Memory Sense Amplifier 


Similar 

Industry Type 

juA7800 
MC1488 
MC1489A 
SN75361 A 
NE521 


Similar 

Industry Type 


MC1391 
MCI 394 
ULN2136 
3N211 


Availability 

1 Q '75 

2 Q '75 
2 Q '75 
2 Q '75 
2 Q '75 
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Linear 1C New Products Program (cont'd) 

Consumer Types and Industrial Types Custom Programs 

RCA has considerable experience in the design and production of custom circuits for high-volume equipment in the 
applications listed below. Our engineering staff is available for the design of circuits through either specialized chip designs or 
the remetallization of one of our existing standard circuits. 


Applications: 

• Automotive 

• Home Entertainment 

• Appliances 


• Computer Interface 

• Telecommunications 

• Controls 


Linear IC's Direct-Replacement Guide 


Analog 

RCA 

Devices 

Direct 

Type No. 

Replacement 

AD101AH 

CA101AT 

AD201 H 

CA201T 

AD301AH 

CA301AT 

AD741 

CA741T 

AD741C 

CA741CT 

Advanced 

RCA 

Micro Devices 

Direct 

Type No. 

Replacement 

AM101T 

CA101T 

AMI 01 AT 

CA101AT 

AM201T 

CA201T 

AM301AT 

CA301 AT 

AM307T 

CA307T 

AM741T 

CA741T 

AM741CT 

CA741CT 

AM747T 

CA747T 

AM747CT 

CA747CT 

AM748T 

CA748T 

AM748CT 

CA748CT 

Fairchild 

RCA 

Semiconductor 

Direct 

Type No. 

Replacement 

LM101AH 

CA101AT 

LM101H 

CA101T 

LM107H 

CA107T 

LM108AH 

CA108AT 

LM108H 

CA108T 

LM111H 

CA111T 

LM201AH 

CA201AT 

LM201 H 

CA201T 

LM207H 

CA207T 

LM208AH 

CA208AT 

LM208H 

CA208T 

LM301AH 

CA301AT 

LM301AN 

CA301AE 

LM307H 

CA307T 

LM307N 

CA307E 

LM308AH 

CA308AT 

LM308H 

CA308T 

LM311H 

CA311T 

PA723HC 

CA723CT 

PA723HM 

CA723T 

741 DC 

CA741CE 

741 DM 

CA741 E 

741 HM 

CA741T 

741 HC 

CA741CT 

741 TC 

CA741 E 

747DC 

CA747CE 

747DM 

CA747E 

747 HC 

CA747CT 

747 HM 

CA747T 


Fairchild 

RCA 

Semiconductor 

Direct 

Type No. 

Replacement 

748 HC 

CA748CT 

748HM 

CA748T 

748TC 

CA748CE 

juA758 

CA758E 

FPQ3724P 

CA3724G 

FPQ3725P 

CA3725G 

U5B7748312 

CA748T 

U5B7748393 

CA748CT 

U5R7723312 

CA723T 

U5R7723393 

CA723CT 

U6A7723393 

CA723CE 

Intersil 

RCA Direct 

Type No. 

Replacement 

ICL-101-TY 

CA101T 

ICL-101 A-TY 

CA101AT 

ICL-108-TY 

CA108T 

ICL-108A-TY 

CA108AT 

ICL-201-TY 

CA201T 

ICL-201 A-TY 

CA201 AT 

ICL-208-TY 

CA208T 

ICL-208A-TY 

CA208AT 

ICL-301 A-PA 

CA301AE 

(CL-301 A-TY 

CA301 AT 

ICL-308-TY 

CA308T 

ICL-308A-TY 

CA308AT 

ICL-723-TZ 

CA723T 

ICL-723C-TZ 

CA723CT 

ICL-741-TY 

CA741T 

JCL-741C-TY 

CA741CT 

ICL-741-LNC 

CA741CE 

ICL-748-TY 

CA748T 

ICL-748C-TY 

CA748CT 

ICL-8741 -PA 

CA741 E 

ICL-8741C-PA 

CA741 CE 

ICL-8748-PA 

CA748E 

ICL-8748C-PA 

CA748CE 

Motorola 

RCA 

Semiconductor 

Direct 

Type No. 

Replacement 

MLM101AG 

CA101AT 

MLM107G 

CA107T 

MLM111G 

CA111T 

MLM201AG 

CA201AT 

MLM207G 

CA207T 

MLM211G 

CA211T 

MC1310P 

CA1310E 

MCI 31 IP 

CA758E 

MC1352P 

CA1352E 

MC1357P 

CA2111AE 

MC1398P 

CA1398E 

MC1441L 

CA1541D 


Motorola 
Semiconductor 
Type No. 

MC1458G 

MC1458CP1 

MCI 541 L 

MC1558G 

MC1723CG 

MC1723CH 

MC1723G 

MCI 741 G 

MCI 741 CG 

MCI 741 CPI 

MCI 741 P2* 

MC1741CP2* 

MC1748G 

MC1748CG 

MC3302P 

MC3401P 

MPQ3724P 

(VIPQ3725P 

National 

Semiconductor 

Type No. 

LM101AH 

LM101H 

LM107H 

LM108AH 

LM108H 

LM111H 

LM201AH 

LM201 H 

LM207H 

LM208AH 

LM208H 

LM211H 

LM301AH 

LM301AN 

LM307H 

LM307N 

LM308AH 

LM308H 

LM311H 

LM324N 

LM339AN 

LM339D 

LM723CH 

LM723H 

LM741 H 

LM741CH 

LM741CN 

LM747H 

LM747CH 

LM747CN 

LM748H 

LM748CH 


RCA 

Direct 

Replacement 

CA1458T 

CA1458E 

CA1541D 

CA1558T 

CA723CT 

CA723CH 

CA723T 

CA741T 

CA741CT 

CA741CE 

CA741 E 

CA741CE 

CA748T 

CA748CT 

CA339AE 

CA3401 E 

CA3724G 

CA3725G 

RCA 

Direct 

Replacement 

CA101AT 

CA101T 

CA107T 

CA108AT 

CA108T 

CA111T 

CA201AT 

CA201T 

CA207T 

CA208AT 

CA208T 

CA211T 

CA301AT 

CA301AE 

CA307T 

CA307E 

CA308AT 

CA308T 

CA311T 

CA324E 

CA339AE 

CA339E 

CA723CT 

CA723T 

CA741T 

CA741CT 

CA741CE 

CA747T 

CA747CT 

CA747CE 

CA748T 

CA748CT 
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Linear IC's Direct-Replacement Guide (cont'd) 


National 

Semiconductor 

Type No. 

LM748CN 

LM1310N 

LM1458H 

LM1458N 

LM1558H 

LM1800N 

LM2111 

DH3724CN 

DH3725CN 


Precision 
Monolithic 
Type No. 

SSS108J 

SSS108AJ 

SSS208J 

SSS208AJ 

SSS308J 

SSS308AJ 


Raytheon 
Type No. 

LM101AH 

LM101H 

LM107H 

LM108AH 

LM108H 

LM111H 

LM201AH 

LM201 H 

LM207H 

LM21 1 H 

LM301AH 

LM301AN 

LM307H 

LM307N 

LM308AH 

LM308H 

LM311H 

RC723T 

RM723T 

RC741 DN 

RC741TE 

RM741TE 

RC748DN 

RC748TE 

RM748TE 

RC1458DN 

RC1458T 

SP3724QD 

SP3725QD 

RM4558TE 


Signetics 

Type No. 

LM101AH 

LM101H 

LM107H 

LM201AH 

LM201 H 

LM301AH 

LM301AN 

LM307H 

LM307N 

PA723CL 

PA723L 

N5558T 

N5558V 

N5741T 

N5741V 

N5747A 


RCA 

Direct 

Replacement 

CA748CE 

CA1310E 

CA1458T 

CA1458E 

CA1558T 

CA758E 

CA2111AE 

CA3724G 

CA3725G 

RCA 

Direct 

Replacement 

CA108T 

CA108AT 

CA208T 

CA208AT 

CA308T 

CA308AT 

RCA Direct 
Replacement 

CA101AT 

CA101T 

CA107T 

CA108AT 

CA018T 

CA111T 

CA201AT 

CA201T 

CA207T 

CA211T 

CA301 AT 

CA301AE 

CA307T 

CA307E 

CA308AT 

CA308T 

CA311T 

CA723CT 

CA723T 

CA741 CE 

CA741CT 

CA741T 

CA748CE 

CA748CT 

CA748T 

CA1458E 

CA1458T 

CA3724G 

CA3725G 

CA1558T 

RCA Direct 
Replacement 

CA101AT 

CA101T 

CA107T 

CA201 AT 

CA201T 

CA301 AT 

CA301 AE 

CA307T 

CA307E 

CA723CT 

CA723T 

CA1458T 

CA1458E 

CA741 CT 

CA741CE 

CA747CE 


Signetics 

RCA Direct 

Type No. 

Replacement 

N5748T 

CA748CT 

N5748V 

CA748CE 

S5558T 

CA1558T 

S5741T 

CA741T 

S5748T 

CA748T 

Silicon 

RCA 

General 

Direct 

Type No. 

Replacement 

SG101AT 

CA101AT 

SG101M 

CA101S 

SG101T 

CA101T 

SG107T 

CA107T 

SGI 08 AT 

CA108AT 

SG108T 

CA108T 

SG1 1 1T 

CA111T 

SG201 AT 

CA201AT 

SG201T 

CA201T 

SG207T 

CA207T 

SG208AT 

CA208AT 

SG208T 

CA208T 

SG211T 

CA211T 

SG301AM 

CA301AE 

SG301 AT 

CA301AT 

SG307M 

CA307E 

SG307T 

CA307T 

SG308AT 

CA308AT 

SG308T 

CA308T 

SG311T 

CA311T 

SG339N 

CA339E 

SG339AN 

CA339AE 

SG723CT 

CA723CT 

SG723T 

CA723T 

SG741 M 

CA741 E 

SG741T 

CA741T 

SG741CM 

CA741CE 

SG741CT 

CA741CT 

SG747T 

CA747T 

SG747CT 

CA747CT 

SG748M 

CA748E 

SG748T 

CA748T 

SG748CM 

CA748CE 

SG748CT 

CA748CT 

SG1458M 

CA1458E 

Solitron 

RCA Direct 

Type No. 

Replacement 

UC4741 

CA741T 

UC7471C 

CA741CT 

Sprague 

RCA Direct 

Type No. 

Replacement 

ULN2111A 

CA2111AE 

ULN2125A 

CA3120E 

ULN2269A 

CA3121E 

ULN2741 D 

CA741T 

ULN2747A 

CA747CE 

ULS2741D 

CA741CT 

ULX2210 

CA1310E 

ULX2244 

CA758E 


Texas 

RCA 

Instruments 

Direct 

Type No. 

Replacement 

SN52101 AL 

CA101AT 

SN52101L 

CA101T 

SN52107L 

CA107T 

SN52108L 

CA108T 

SN52108AL 

CA108AT 

SN52558L 

CA1558T 

SN52558P 

CA1558S 

SN52741 L 

CA741T 

SN52741 P 

CA741S 

SN52747L 

CA747T 

SN52748L 

CA748T 

SN52748P 

CA748S 

SN72301 AL 

CA301 AT 

SN72301 AN 

CA301 AE 

SN72307L 

CA307T 

SN72307P 

CA307E 

SN72308L 

CA308T 

SN72308AL 

CA308AT 

SN72558L 

CA1458T 

SN72558P 

CA1458E 

SN72741 L 

CA741 CT 

SN72741 P 

CA741CE 

SN72747 

CA747CT 

SN72748L 

CA748CT 

SN72748P 

CA748CE 

SN72301 AL 

CA301 AT 

SN72301 AP 

CA301AE 

SN72307P 

CA307E 

SN72558P 

CA1458E 

SN76115N 

CA1310E 

SN76116N 

CA758E 

SN76650N 

CA1352E 


• Can be substituted for the corresponding 
14-lead dual-in-line type by inserting device 
into 14-pin socket such that terminal No. 1 
oftheCA741 coincides with socket terminal 
No. 3 of the type to be replaced. 



SOCKET FOR 14-LEAD 
TYPE 74l'S 


Note: RCA types in TO-5 packages are also supplied with dual- 
in-line formed leads ("DIL-CAN" package) and are designated 
with suffix letter (S). These types are both pin and electrical 
direct replacements for the corresponding 8-lead "Mini-Dip" 
dual-in-line types. 

For prices and availability of RCA Linear Integrated Circuits, 
contact your RCA Distributor or your local RCA Sales Office. 
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Note 1 : The indicated suffix letter identifies the package type for the device type number 

having a suffix letter; a black square is shown for a type number with no suffix letter. 

• Operational Transconductance Amplifier * Micropower Type * Available in 8-lead DIP (MINI-DIP) 
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Note 1 : The indicated suffix letter identifies the package type for the device type number 

having a suffix letter; a black square is shown for a type number with no suffix letter. 

'Available in 8-lead DIP (MINI-DIP) 
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having a suffix letter; a black square is shown for a type number with no suffix letter. 
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Package I Features I Applications 


Broadband (Video) and Differential Amplifiers, and 
AM/FM Communications Circuits 


Broadband (Video) 

Amplifiers 


Differential Amplifiers 


AM/FM Communications Circuits 


Voltage Regulator 


Comparator — High Current Output 


Control — Relays, Heaters, LED's 
Lamps, etc. 


Differential Amplifier 


Multivibrator 
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Type Designation Suffix Letter ■ = No Suffix Letter 


Dual-ln-Line Ceramic (DIC) 


Dual-ln-Line Plastic (DIP) 


TO-5 Style Dual-ln-Line (DIL-CAN) 


NOTE 1 : The indicated suffix letter identifies the package type for the device type number having a suffix letter; a black square is shown for a type 
number with no suffix letter. 

* CA3001 is also useful as a Broadband (Video) Amplifier, 
t CA3040 is also useful as a Differential Amplifier. 

* In quad-in-line package (QUIP) 
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Power-Control and Voltage-Regulator Circuits, 
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NOTE 1 : The indicated suffix letter identifies the package type for the device type number having a suffix letter; 
a black square is shown for a type number with no suffix letter. 

CA555, CA555C, CA3085, CA3085A available in 8-lead DIP (MINI-DIP) package. 
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Note 1 : Where a code letter is shown (E, EM, Q, T, VI ), add the code letter as a suffix to the type 
number to identify the package (and lead configuration) option. A black square indicates 
no suffix code is added.to the type number for that package option. 



Package I Circuit Functions 
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DMOS (Discrete MOS Field-Effect) Devices 


Industrial Types 


Single-Gate 


Dual- 

Gate 


Dual- 
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Pro- 

tected 


Consumer Types 


Single- 

Gate 


Dual-Gate 

Protected 
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Gain-Controlled 


Pre mium-Perf ormance 


All MOS/FET devices are supplied in the JEDEC TO-72 package 
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RCA LINEAR 1C PACKAGES AND LEAD FORMS 


D-Suffix: Dual-In-line Welded-Seal Ceramic Package (DIC) I F-Suffix: Dual-In-Line Frit-Seal Ceramic Package 
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HI 644 H1805 »J 


16-Lead DIC 8-Lead Frit Seal 14-Lead Frit Seal 16-Lead Frit Seal 


EM-Suffix: Modified Dual-ln-Line 
Plastic Package with Heat Sink 

f iVih, 




Q-Suffix: Quad-In-Line Plastic Package (QUIP) 




Integral Bent-Down 
Wing-Tab Heat Sink 






H1704 H1825 



14- Lead QUIP 


16-Lead QUIP 


20- Lead QUIP 


16-Lead Modified QUIP 


QM-Suffix: Modified Quad-In-Line T-Suffix: TO-5 Style Package with Straight Leads S-Suffix: TO-5 Style 

Plastic Package (QUIP) with Integral Flat Package with 



VI -Suffix: TO-5 Style K-Suffix: Ceramic JEDEC TO-72: L-Suffix: 1C Beam Lead H-Suffix: 1C Chip 

Package with Flat Package (FP) MOS/FET Devices 



10-Formed-Lead TO-5 | 14-Lead FP 
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ICE-402 



Solid State 
Division 


Solid State Devices 

Operating Considerations 
ICE-402 


Operating Considerations for 
RCA Solid State Devices 


Solid state devices are being designed into an increasing 
variety of electronic equipment because of their high 
standards of reliability and performance. However, it is 
essential that equipment designers be mindful of good 
engineering practices in the use of these devices to achieve 
the desired performance. 

This Note summarizes important operating recommen- 
dations and precautions which should be followed in the 
interest of maintaining the high standards of performance of 
solid state devices. 

The ratings included in RCA Solid State Devices data 
bulletins are based on the Absolute Maximum Rating 
System, which is defined by the following Industry Standard 
(JEDEC) statement: 

Absolute-Maximum Ratings are limiting values of opera- 
ting and environmental conditions applicable to any electron 
device of a specified type as defined by its published data, 
and should not be exceeded under the worst probable 
conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no responsi- 
bility for equipment variations, environmental variations, and 
the effects of changes in operating conditions due to 
variations in device characteristics. 

The equipment manufacturer should design so that 
initially and throughout life no absolute-maximum value for 
the intended service is exceeded with any device under the 
worst probable operating conditions with respect to supply- 
voltage variation, equipment component variation, equip- 
ment control adjustment, load variation, signal variation, 
environmental conditions, and variations in device charac- 
teristics. 

It is recommended that equipment manufacturers consult 
RCA whenever device applications involve unusual electrical, 
mechanical or environmental operating conditions. 

GENERAL CONSIDERATIONS 

The design flexibility provided by these devices makes 
possible their use in a broad range of applications and under 


many different operating conditions. When incorporating 
these devices in equipment, therefore, designers should 
anticipate the rare possibility of device failure and make 
certain that no safety hazard would result from such an 
occurrence. 

The small size of most solid state products provides 
obvious advantages to the designers of electronic equipment. 
However, it should be recognized that these compact devices 
usually provide only relatively small insulation area between 
adjacent leads and the metal envelope. When these devices 
are used in moist or contaminated atmospheres, therefore, 
supplemental protection must be provided to prevent the 
development of electrical conductive paths across the 
relatively small insulating surfaces. For specific information 
on voltage creepage, the user should consult references such 
as the JEDEC Standard No. 7 “Suggested Standard on 
Thyristors,” and JEDEC Standard RS282 “Standards for 
Silicon Rectifier Diodes and Stacks”. 

The metal shells of some solid state devices operate at the 
collector voltage and for some rectifiers and thyristors at the 
anode voltage. Therefore, consideration should be given to 
the possibility of shock hazard if the shells are to operate at 
voltages appreciably above or below ground potential. In 
general, in any application in which devices are operated at 
voltages which may be dangerous to personnel, suitable 
precautionary measures should be taken to prevent direct 
contact with these devices. 

Devices should not be connected into or disconnected 
from circuits with the power on because high transient 
voltages may cause permanent damage to the devices. 

TESTING PRECAUTIONS 

In common with many electronic components, solid-state 
devices should be operated and tested in circuits which have 
reasonable values of current limiting resistance, or other 
forms of effective current overload protection. Failure to 
observe these precautions can cause excessive internal heating 
of the device resulting in destruction and/or possible 
shattering of the enclosure. 
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ICE-402 


TRANSISTORS AND THYRISTORS 
WITH FLEXIBLE LEADS 

Flexible leads are usually soldered to the circuit elements. 
It is desirable in all soldering operatings to provide some 
slack or an expansion elbow in each lead to prevent 
excessive tension on the leads. It is important during the 
soldering operation to avoid excessive heat in order to 
prevent possible damage to the devices. Some of the heat can 
be absorbed if the flexible lead of the device is grasped 
between the case and the soldering point with a pair of pliers. 

TRANSISTORS AND THYRISTORS 
WITH MOUNTING FLANGES 

The mounting flanges of JEDEC-type packages such as 
the TO-3 or TO-66 often serve as the collector or anode 
terminal. In such cases, it is essential that the mounting 
flange be securely fastened to the heat sink, which may be 
the equipment chassis. Under no circumstances, however, 
should the mounting flange of a transistor be soldered 
directly to the heat sink or chassis because the heat of the 
soldering operation could permanently damage the device. 
Soldering is the preferred method for mounting thyristors; 
see “Rectifiers and Thyristors,” below. Devices which cannot 
be soldered can be installed in commercially available 
sockets. Electrical connections may also be made by 
soldering directly to the terminal pins. Such connections may 
be soldered to the pins close to the pin seals provided care is 
taken to conduct excessive heat away from the seals; 
otherwise the heat of the soldering operation could crack the 
pin seals and damage the device. 

During operation, the mounting-flange temperature is 
higher than the ambient temperature by an amount which 
depends on the heat sink used. The heat sink must have 
sufficient thermal capacity to assure that the heat dissipated 
in the heat sink itself does not raise the device mounting- 
flange temperature above the rated value. The heat sink or 
chassis may be connected to either the positive or negative 
supply. 

In many applications the chassis is connected to the 
voltage-supply terminal. If the recommended mounting 
hardware shown in the data bulletin for the specific 
solid-state device is not available, it is necessary to use either 
an anodized aluminum insulator having high thermal con- 
ductivity or a mica insulator between the mounting-flange 
and the chassis. If an insulating aluminum washer is required, 
it should be drilled or punched to provide the two mounting 
holes for the terminal pins. The burrs should then be 
removed from the washer and the washer anodized. To insure 
that the anodized insulating layer is not destroyed during 
mounting, it is necessary to remove the burrs from the holes 
in the chassis. 

It is also important that an insulating bushing, such as 
glass-filled nylon, be used between each mounting bolt and 
the chassis to prevent a short circuit. However, the insulating 
bushing should not exhibit shrinkage or softening under the 
operating temperatures encountered. Otherwise the thermal 
resistance at the interface between device and heat sink 
may increase as a result of decreasing pressure. 


PLASTIC POWER TRANSISTORS AND THYRISTORS 

RCA power transistors and thyristors (SCR’s and triacs) 
in molded-silicone-plastic packages are available in a wide 
range of power-dissipation ratings and a variety of package 
configurations. The following paragraphs provide guidelines 
for handling and mounting of these plastic-package devices, 
recommend forming of leads to meet specific mounting 
requirements, and describe various mounting arrangements, 
thermal considerations, and cleaning methods. This informa- 
tion is intended to augment the data on electrical character- 
istics, safe operating area, and performance capabilities in the 
technical bulletin for each type of plastic-package transistor 
or thyristor. 

Lead-Forming Techniques 

The leads of the RCA VERSAWATT in-line plastic 
packages can be formed to a custom shape, provided they are 
not indiscriminately twisted or bent. Although these leads 
can be formed, they are not flexible in the general sense, nor 
are they sufficiently rigid for unrestrained wire wrapping 
Before an attempt is made to form the leads of an in-line 
package to meet the requirements of a specific application, 
the desired lead configuration should be determined, and a 
lead-bending fixture should be designed and constructed. The 
use of a properly designed fixture for this operation 
eliminates the need for repeated lead bending. When the use 
of a special bending fixture is not practical, a pair of 
long-nosed pliers may be used. The pliers should hold the 
lead firmly between the bending point and the case, but 
should not touch the case. 

When the leads of an in-line plastic package are to be 
formed, whether by use of long-nosed pliers or a special 
bending fixture, the following precautions must be observed 
to avoid internal damage to the device: 

1. Restrain the lead between the bending point and the 
plastic case to prevent relative movement between the 
lead and the case. 

2. When the bend is made in the plane of the lead 
(spreading), bend only the narrow part of the lead. 

3. When the bend is made in the plane perpendicular to that 
of the leads, make the bend at least 1/8 inch from the 
plastic case. 

4. Do not use a lead-bend radius of less than 1/16 inch. 

5. Avoid repeated bending of leads. 

The leads of the TO-220AB VERSAWATT in-line 
package are not designed to withstand excessive axial pull. 
Force in this direction greater than 4 pounds may result in 
permanent damage to the device. If the mounting arrange- 
ment tends to impose axial stress on the leads, some method 
of strain relief should be devised. 

Wire wrapping of the leads is permissible, provided that 
the lead is restrained between the plastic case and the point 
of the wrapping. Soldering to the leads is also allowed. The 
maximum soldering temperature, however, must not exceed 
275°C and must be applied for not more than 5 seconds at a 
distance not less than 1/8 inch from the plastic case. When 
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wires are used for connections, care should be exercised to 
assure that movement of the wire does not cause movement 
of the lead at the lead-to-plastic junctions. 

The leads of RCA molded-plastic high-power packages 
are not designed to be reshaped. However, simple bending of 
the leads is permitted to change them from a standard 
vertical to a standard horizontal configuration, or conversely. 
Bending of the leads in this manner is restricted to three 
90-degree bends; repeated bendings should be avoided. 
Mounting 

Recommended mounting arrangements and suggested 
hardward for the VERSAWATT package are given in the data 
bulletins for specific devices and in RCA Application Note 
AN-4142. When the package is fastened to a heat sink, a 
rectangular washer (RCA Part No. NR231 A) is recommended 
to minimize distortion of the mounting flange. Excessive 
distortion of the flange could cause damage to the package. 
The washer is particularly important when the size of the 
mounting hole exceeds 0.140 inch (6-32 clearance). Larger 
holes are needed to accommodate insulating bushings; 
however, the holes should not be larger than necessary to 
provide hardware clearance and, in any case, should not 
exceed a diameter of 0.250 inch. 

Flange distortion is also possible if excessive torque is 
used during mounting. A maximum torque of 8 inch-pounds 
is specified. Care should be exercised to assure that the tool 
used to drive the mounting screw never comes in contact 
with the plastic body during the driving operation. Such 
contact can result in damage to the plastic body and internal 
device connections. An excellent method of avoiding this 
problem is to use a spacer or combination spacer-isolating 
bushing which raises the screw head or nut above the top 
surface of the plastic body. The material used for such a 
spacer or spacer-isolating bushing should, of course, be 
carefully selected to avoid “cold flow” and consequent 
reduction in mounting force. Suggested materials for these 
bushings are diallphtalate, fiberglass-filled nylon, or 
fiberglass-filled polycarbonate. Unfilled nylon should be 
avoided. 

Modification of the flange can also result in flange 
distortion and should not be attempted. The package should 
not be soldered to the heat sink by use of lead-tin solder 
because the heat required with this type of solder will cause 
the junction temperature of the device to become excessively 
high. 

The TO-220AA plastic package can be mounted in 
commercially available TO-66 sockets, such as UID 
Electronics Corp. Socket No. PTS-4 or equivalent. For 
testing purposes, the TO-220AB in-line package can be 
mounted in a Jetron Socket No. DC74-104 or equivalent. 
Regardless of the mounting method, the following 
precautions should be taken: 

1. Use appropriate hardware. 

2. Always fasten the package to the heat sink before the 

leads are soldered to fixed terminals. 

3. Never allow the mounting tool to come in contact with 

the plastic case. 


4. Never exceed a torque of 8 inch-pounds. 

5. Avoid oversize mounting holes. 

6. Provide strain relief if there is any probability that axial 
stress will be applied to the leads. 

7. Use insulating bushings to prevent hot-creep problems. 
Such bushings should be made of diallphthalate, fiber- 
glass-filled nylon, or fiberglass-filled polycarbonate. 

The maximum allowable power dissipation in a solid 
state device is limited by the junction temperature. An 
important factor in assuring that the junction temperature 
remains below the specified maximum value is the ability of 
the associated thermal circuit to conduct heat away from the 
device. 

When a solid state device is operated in free air, without a 
heat sink, the steady-state thermal circuit is defined by the 
junction-to-free-air thermal resistance given in the published 
data for the device. Thermal considerations require that a 
free flow of air around the device is always present and that 
the power dissipation be maintained below the level which 
would cause the junction temperature to rise above the 
maximum rating. However, when the device is mounted on a 
heat sink, care must be taken to assure that all portions of 
the thermal circuit are considered. 

To assure efficient heat transfer from case to heat sink 
when mounting RCA molded-plastic solid state power 
devices, the following special precautions should be 
observed: 

1. Mounting torque should be between 4 and 8 inch- 
pounds. 

2. The mounting holes should be kept as small as possible. 

3. Holes should be drilled or punched clean with no burrs or 
ridges, and chamfered to a maximum radius of 0.010 
inch. 

4. The mounting surface should be flat within 0.002 
inch/inch. 

5. Thermal grease (Dow Corning 340 or equivalent) should 
always be used on both sides of the insulating washer if 
one is employed. 

6. Thin insulating washers should be used. (Thickness of 
factory-supplied mica washers range from 2 to 4 mils). 

7. A lock washer or torque washer, made of material having 
sufficient creep strength, should be used to prevent 
degradation of heat sink efficiency during life. 

A wide variety of solvents is available for degreasing and 
flux removal. The usual practice is to submerge components 
in a solvent bath for a specified time. However, from a 
reliability stand point it is extremely important that the 
solvent, together with other chemicals in the solder-cleaning 
system (such as flux and solder covers), do not adversely 
affect the life of the component. This consideration applies 
to all non-hermetic and molded-plastic components. 

It is, of course, impractical to evaluate the effect on 
long-term device life of all cleaning solvents, which are 
marketed with numerous additives under a variety of brand 
names. These solvents can, however, be classified with 
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respect to their component parts as either acceptable or 
unacceptable. Chlorinated solvents tend to dissolve the outer 
package and, therefore, make operation in a humid atmos- 
phere unreliable. Gasoline and other hydrocarbons cause the 
inner encapsulant to swell and damage the transistor. Alcohol 
is an acceptable solvent. Examples of specific, acceptable 
alchols are isopropanol, methanol, and special denatured 
alcohols, such as SDA1 , SDA30, SDA34, and SDA44. 

Care must also be used in the selection of fluxes for lead 
soldering. Rosin or activated rosin fluxes are recommended, 
while organic or acid fluxes are not. Examples of acceptable 
fluxes are: 

1 . Alpha Reliaros No. 320-33 

2. Alpha Reliaros No. 346 

3. Alpha Reliaros No. 7 1 1 

4. Alpha Reliafoam No. 807 

5. Alpha Reliafoam No. 809 

6. Alpha Reliafoam No. 811-13 

7. Alpha Reliafoam No. 815-35 

8. Kester No. 44 

If the completed assembly is to be encapsulated, the 
effect on the molded-plastic transistor must be studied from 
both a chemical and a physical standpoint. 

RECTIFIERS AND THYRISTORS 

A surge-limiting impedance should always be used in 
series with silicon rectifiers and thyristors. The impedance 
value must be sufficient to limit the surge current to the 
value specified under the maximum ratings. This impedance 
may be provided by the power transformer winding, or by an 
external resistor or choke. 

A very efficient method for mounting thyristors utilizing 
the “modified TO-5” package is to provide intimate contact 
between the heat sink and at least one half of the base of the 
device opposite the leads. This package can be mounted to 
the heat sink mechanically with glue or an expoxy adhesive, 
or by soldering, the most efficient method. 

The use of a “self-jigging” arrangement and a solder 
preform is recommended. If each unit is soldered individ- 
ually, the heat source should be held on the heat sink and the 
solder on the unit. Heat should be applied only long enough 
to permit solder to flow freely. For more detailed thyristor 
mounting considerations, refer to Application Note AN3822, 
“Thermal Considerations in Mounting of RCA Thyristors”. 

MOS FIELD-EFFECT TRANSISTORS 

Insulated-Gate Metal Oxide-Semiconductor Field-Effect 
Transistors (MOS FETs), like bipolar high-frequency 
transistors, are susceptible to gate insulation damage by the 
electrostatic discharge of energy through the devices. 
Electrostatic discharges can occur in an MOS FET if a type 
with an unprotected gate is picked up and the static charge, 
built in the handler’s body capacitance, is discharged through 
the device. With proper handling and applications 
procedures, however, MOS transistors are currently being 
extensively used in production by numerous equipment 
manufacturers in military, industrial, and consumer applica- 


tions, with virtually no problems of damage due to 
electrostatic discharge. 

In some MOS FETs, diodes are electrically connected 
between each insulated gate and the transistor’s source. 
These diodes offer protection against static discharge and 
in-circuit transients without the need for external shorting 
mechanisms. MOS FETs which do not include gate- 
protection diodes can be handled safely if the following basic 
precautions are taken: 

1 . Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs attached to the device by the vendor, or by the 
insertion into conductive material such as “ECCOSORB* 
LD26” or equivalent. 

(NOTE: Polystyrene insulating “SNOW” is not suffi- 
ciently conductive and should not be used.) 

2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means, for example, with a metallic wristband. 

3. Tips of soldering irons should be grounded. 

4. Devices should never be inserted into or removed from 
circuits with power on. 

RF POWER TRANSISTORS 
Mounting and Handling 

Stripline rf devices should be mounted so that the leads 
are not bent or pulled away from the stud (heat sink) side of 
the device. When leads are formed, they should be supported 
to avoid transmitting the bending or cutting stress to the 
ceramic portion of the device. Excessive stresses may destroy 
the hermeticity of the package without displaying visible 
damage. 

Devices employing silver leads are susceptible to 
tarnishing; these parts should not be removed from the 
original tarnish-preventive containers and wrappings until 
ready for use. Lead solderability is retarded by the presence 
of silver tarnish; the tarnish can be removed with a silver 
cleaning solution, such as thiourea. 

The ceramic bodies of many rf devices contain beryllium 
oxide as a major ingredient. These portions of the transistors 
should not be crushed, ground, or abraded in any way 
because the dust created could be hazardous if inhaled. 

Operating 

Forward-Biased Operation. For Class A or AB operation, 
the allowable quiescent bias point is determined by reference 
to the infrared safe-area curve in the appropriate data 
bulletin. This curve depicts the safe current/voltage combina- 
tions for extended continuous operation. 

Load VSWR. Excessive collector load or tuning mismatch 
can cause device destruction by over-dissipation or secondary 
breakdown. Mismatch capability is generally included on the 
data bulletins for the more recent rf transistors. 

See RCA RF Power Transitor Manual, Technical Series 
RMF-430, pp 39-41, for additional information concerning 
the handling and mounting of rf power transistors. 


♦Trade Mark: Emerson and Cumming, Inc. 
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INTEGRATED CIRCUITS 

Handing 

All COS/MOS gate inputs have a resistor/diode gate 
protection network. All transmission gate inputs and all 
outputs have diode protection provided by inherent p-n 
junction diodes. These diode networks at input and output 
interfaces protect COS/MOS devices from gate-oxide failure 
in handling environments where static discharge is not 
excessive. In low-temperature, low-humidity environments, 
improper handling may result in device damage. See 
ICAN-6000, “Handling and Operating Considerations for 
MOS Integrated Circuits”, for proper handling procedures. 

Mounting 

Integrated circuits are normally supplied with lead-tin 
plated leads to facilitate soldering into circuit boards. In 
those relatively few applications requiring welding of the 
device leads, rather than soldering, the devices may be 
obtained with gold or nickel plated Kovar leads.* It should be 
recognized that this type of plating will not provide complete 
protection against lead corrosion in the presence of high 
humidity and mechanical stress. The aluminum-foil-lined 
cardboard “sandwich pack” employed for static protection 
of the flat-pack also provides some additional protection 
against lead corrosion, and it is recommended that the 
devices be stored in this package until used. 

When integrated circuits are welded onto printed circuit 
boards or equipment, the presence of moisture between the 
closely spaced terminals can result in conductive paths that 
may impair device performance in high-impedance appli- 
cations. It is therefore recommended that conformal coatings 
or potting be provided as an added measure of protection 
against moisture penetration. 

In any method of mounting integrated circuits which 
involves bending or forming of the device leads, it is 
extremely important that the lead be supported and clamped 
between the bend and the package seal, and that bending be 
done with care to avoid damage to lead plating. In no case 
should the radius of the bend be less than the diameter of the 
lead, or in the case of rectangular leads, such as those used in 
RCA 14-lead and 16-lead flat-packages, less than the lead 
thickness. It is also extremely important that the ends of the 
bent leads be straight to assure proper insertion through the 
holes in the printed-circuit board. 

Operating 

Unused Inputs 

All unused input leads must be connected to either V§s 
or V[)D, whichever is appropriate for the logic circuit 
involved. A floating input on a high-current type, such as the 
CD4049 or CD4050, not only can result in faulty logic 
operation, but can cause the maximum power dissipation of 
200 milliwatts to be exceeded and may result in damage to 
the device. Inputs to these types, which are mounted on 
printed-circuit boards that may temporarily become 
unterminated, should have a pull-up resistor to Vss or VDD- 
A useful range of values for such resistors is from 10 kilohms 
to 1 megohm. 


Input Signals 

Signals shall not be applied to the inputs while the device 
power supply is off unless the input current is limited to a 
steady state value of less than 10 milliamperes. Input 
currents of less than 10 milliamperes prevent device damage; 
however, proper operation may be impaired as a result of 
current flow through structural diode junctions. 

Output Short Circuits 

Shorting of outputs to V§§ or Vdd can damage many of 
the higher-output-current COS/MOS types, such as the 
CD4007, CD4041, CD4049, and CD4050. In general, these 
types can all be safely shorted for supplies up to 5 volts, but 
will be damaged (depending on type) at higher power-supply 
voltages. For cases in which a short-circuit load, such as the 
base of a p-n-p or an n-p-n bipolar transistor, is directly 
driven, the device output characteristics given in the 
published data should be consulted to determine the 
requirements for a safe operation below 200 milliwatts. 

For detailed COS/MOS IC operating and handling 
considerations, refer to Application Note ICAN-6000 
“Handling and Operating Considerations for MOS Integrated 
Circuits”. 

SOLID STATE CHIPS 

Solid state chips, unlike packaged devices, are non- 
hermetic devices, normally fragile and small in physical size, 
and therefore, require special handling considerations as 
follows: 

1 . Chips must be stored under proper conditions to insure 
that they are not subjected to a moist and/or contam- 
inated atmosphere that could alter their electrical, 
physical, or mechanical characteristics. After the shipping 
container is opened, the chip must be stored under the 
following conditions: 

A. Storage temperature, 40°C max. 

B. Relative humidity, 50% max. 

C. Clean, dust-free environment. 

2. The user must exercise proper care when handling chips 
to prevent even the slightest physical damage to the chip. 

3. During mounting and lead bonding of chips the user must 
use proper assembly techniques to obtain proper elec- 
trical, thermal, and mechanical performance. 

4. After the chip has been mounted and bonded, any 
necessary procedure must be followed by the user to 
insure that these non-hermetic chips are not subjected to 
moist or contaminated atmosphere which might cause 
the development of electrical conductive paths across the 
relatively small insulating surfaces. In addition, proper 
consideration must be given to the protection of these 
devices from other harmful environments which could 
conceivably adversely affect their proper performance. 


*Mil-M-38510A, paragraph 3.5.6.1 (a), lead material. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA101, CA101A, CA201, 
CA201A, CA301A Types 



Operational Amplifiers 

For Military, Industrial, and Commercial Applications 
Features: 

■ Short-circuit protection and latch-free operation 

■ Unity-gain phase compensation with a single 30-pF capacitor 



eem 


i*ETTiTM 

W3SSEM 



Max. Vjq" 
Max. ho 

Min. Aql 

t a = 

25°C 

5 

7.5 

2 

CM 

7.5 

mV 

200 

500 

10 

10 

50 

nA 

50 

20 

50 

50 

25 

V/mV 

T a Range 
(Operating) 

—55 to 

+125 

0 to 

+70 

—55 to 

+125 

-25 to 

+85 

0 to 

+70 

°C 

Slew Rate 
(Summing ampl.) 

- 

- 

10 

10 

10 

V/jus 


RCA-CA101, CA101A, CA201, CA201A, and CA301A are 
general-purpose, high-gain operational amplifiers for use in 
military, industrial, and commercial applications. 

These types, which are externally phase compensated, permit 
a choice of operation for optimum high-frequency performance 
at a selected gain; unity-gain compensation can be obtained 
with a single 30-pF capacitor. 

Types CA101A and CA201A have all the desirable features 
and characteristics of the CA101 and CA201, respectively, 
plus superior input-offset characteristics, and improved noise 
performance. 

All types are available in 8-lead TO-5 style packages with 
standard leads (T suffix) and with dual-in-line formed leads 
"DIL-CAN" (S suffix). Type CA301A is also available in 
an 8-lead dual-in-line plastic package "MINI-DIP" (E suffix), 
and in chip form (H suffix). 

Types CAlOlT, S; CA101AT, S; CA201T, S; CA201AT, S; 
and CA301AT, S, E are direct replacements for industry 
types 101, 101A, 201, 201A, 301A in packages with similar 
terminal arrangements. 



92CS-23999 


Applications: 

■ Long-interval integrator 

■ Timers 

■ Sample and hold circuits 

■ Summing amplifiers 

■ Multivibrators 

■ Comparators 

■ Instrumentation 

« AC/DC converters 

■ Inverting amplifiers 

■ Sine- & square-wave generators 

■ Capacitance multipliers & 
simulated inductors 


PHASE 



NOTE : PIN 4 IS CONNECTED TO CASE 
TOP VIEW 

92CS- 23998 


b — Plastic package for CA301A 


a — TO-5 style package for all types 

Fig. 1 — Functional diagrams. 
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Maximum Ratings, Absolute-Maximum Values at T & = 25° C 

PC SUPPLY VOLTAGE (between V+ and V“ terminals): 

CA101, CA1 01 A, CA201 , C A201 A 

CA301A 

DC INPUT VOLTAGE 

(For supply voltage less than ± 15 V, the 
Input Voltage rating is equal to the DC Supply Voltage) 

DIFFERENTIAL INPUT VOLTAGE 

OUTPUT SHORT-CIRCUIT DURATION 

DEVICE DISSIPATION: 

Up to T a = 75°C 

Above T a = 75°C 

AMBIENT TEMPERATURE RANGE: 

Operating — 

CA101, CA101 A 

CA201A 

CA201, CA301 A 

Storage (All types) 

LEAD TEMPERATURE (During Soldering): 

At a distance 1/1 6” ±1/32" (1 .59 ± 0.79 mm) 

from case for 10 seconds max ' . . . 


CA101, CA101A, CA201, CA201A, CA301A 


44 V 

36 V 

±15 V 


±30 V 
Indefinite* 

500 mW 

derate linearly at 6.67 mW/°C 


-55 to +125 °C 
-25 to +85 °C 
0 to +70 °C 
-65 to +150 °C 


+265 °C 


* AtT A < 70°CandT c < 125°C (CA101); 

T a < 75°CandT C < 125°C (CA101A, CA201A); 
T A <55°C and T C < 70°C (CA201. CA301 A). 
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ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

1 

TEST CONDITIONS* 

LIMITS | 

UNITS 

Supply Voltage (V*) 

= 5 to 15 V 

CA101 

CA101A 

CA201A 

CA201 

CA301A 

Ejjj 

STB 


rjjuj 

iirfl 

12331 


ETB 


23S 

BH 

ESS 

Input Offset Voltage 

vio 

Ta=25°C 

RS<10kfi 

- 

i 

HU 

m 

- 

- 

- 

2 

B3 

B 

- 

- 

mV 


- 

~ 

- 

~ 

EH 

2 

_ 

- 

- 

_ 

wm 

wtm 

RS<10k« 

- 

- 

6 

- 

- 

- 

- 

£2H 

KEl 

- 

- 

- 

R s <50kn 

- 

- 

- 

- 


B 

- 

- 

“ 

- 

- 

B 

Average Temperature 
Coefficient of Input 
Offset Voltage 

■ 

RS<10k£7 

- 

6 

- 

- 

- 

- 

- 

m 

- 

- 

- 

- 

juV/°C 

RS<50f2 

- 

3 

- 

- 

- 

- 

- 

MM 

- 

- 

- 

- 


- 

- 

- 

- 

El 

■a 

- 

- 

- 

- 

MM 


Average Temperature 
Coefficient of Input 
Offset Current 

alio 

— 55°C to +25°C 

- 

- 

- 

- 

0.02 

0.2 

- 

- 

- 

- 

- 

- 

nA/°C 

0°C to +25°C 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.02 

0.6 

+25°C to +70°C 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.01 

0.3 

+25°C to +1 25°C 

- 

- 

- 

- 

0.01 

0.1 

- 

- 

- 

- 

- 

- 

Input Offset Current 

iio 

Ta = 0°C 


- 

- 

- 

- 

- 

- 

150 

750 

- 

- 

- 

nA 

Ta=25°C 

- 

40 

200 

- 

1.5 

10 

- 

100 

500 

- 

3 

50 

T A =70 o C 

- 

- 

- 

- 

- 

- 

- 

50 

400 

- 

- 

- 

T A =125°C 

- 

10 

200 

- 

- 

- 

- 

- 

- 

- 

- 

- 


- 

- 

- 

- 

- 

20 

- 

- 

- 

- 

- 

70 

T a =-55°C 

- 

100 

500 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Input Bias Current 

4b 

T a =-55°C 

- 

0.28 

1.5 

- 

- 

- 

- 

- 

- 

- 

- 

- 

ma 

T A = 0°C 

- 

- 

- 

- 

- 

- 

- 

0.32 

2 

- 

- 

- 

T A =25°C 

- 

0.12 

0.5 

- 

0.03 

0.075 

- 

0.25 

1.5 

- 

0.07 

0.25 


- 

- 

- 

- 

- 

0.1 

- 


- 

- 

- 

0.3 

Supply Current 

I± 

Ta=25°C 

V-=15V 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1.8 

3 

mA 

V ± =20V 

- 

1.8 

3 

- 

1.8 

3 

- 

1.8 

3 

- 

- 

- 

Ta=125°C V ±= 20V 

- 

1.2 

2.5 

- 

1.2 

2.5 

- 

- 

- 

- 

- 

- 

Open-Loop Differen- 
tial Voltage Gain 

_j 

o 

< 

Ta=25°C V ± =15V 

Vo =± 10V R L >2k£2 

50 

160 

- 

50 

160 

- 

20 

150 

- 

25 

160 

- 

V/mV 

V±=15V 
Vq =± 10V R\_>2k n. 

25 

- 

- 

25 

- 

- 

15 

- 

- 

15 

- 

- 

Input Resistance 

R I 

Ta=25°C 

0.3 

0.8 

- 

1.5 

4 

- 

0.1 

0.4 

- 

0.5 

2 

- 

Mft 

Output Voltage 

Swing 

VOPP 

V±=15V R|_=10k£l 

±12 

±14 

- 

±12 

±14 

- 

±12 

±14 

- 

±12 

±14 

- 

V 

V ±= 15V R|_=2k£2 

±10 

±13 

- 

±10 

±13 

- 

±10 

±13 

- 

±10 

±13 

- 

Common-Mode 

Input- Voltage 

Range 

V|CR 

V±=15V 

±12 

- 

- 

- 

- 

- 

±12 

- 

- 

±12 

- 

- 

V 

V ± =20V 

- 

- 

- 

±15 

“ 

- 

- 

- 

- 

- 

- 

- 

Common-Mode 

Rejection Ratio 

CMRR 

RS<10k n 

70 

90 

- 

- 

- 

- 

65 

90 

- 

- 

- 

- 

dB 

RS<50kl2 

- 

- | 

- 

80 

96 


- 

- 

- 

70 

90 

- 

Supply-Voltage 
Rejection Ratio 

PSRR 

RS<10kfi 

70 

90 

- 

- 

- 

- 

70 

90 

- 

- 

- 

- 

dB 

R S <50k£2 

- 

- 

- 

80 

96 

- 

- 

- 

- 

70 

90 

- 


A Characteristics applicable over operating temperature range (T/\) as shown below, unless otherwise specified: 

CA101, C101A: —55 to +125°C CA201A: -25 to +85°C CA201, CA301A: 0 to 70°C 
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Fig. 3 - Input current (l/o, <IB ) vs - temperature. 
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Fig. 11 — Voltage gain vs. supply voltage. 


Fig. 14 — Voltage gain vs. supply voltage. 
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CA101, CA101A, CA201, CA201A, CA301A 


TYPICAL STATIC CHARACTERISTICS (Cont'd) 
Type CA301A 



92CS— 23992 



Fig. 18 — Voltage follower (Vj, Vq) pulse response. 


Fig. 15 — Output characteristics. 
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Fig. 16 — Supply characteristics. 


Fig. 19 — Closed- 1 oop output impedance vs. frequency. 


YPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 
FOR TYPES CA101A AND CA201A 
Single-Pole Compensation 


R2 




92CS-240I2 


Fig. 17 — Test circuit employing single-pole compensation. 


Fig.20 — Voltage gain and phase lag vs. frequency. 
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CA101, CA101A, CA201, CA201A, CA301A . 
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TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 
FOR TYPES CA101A AND CA201A | 

Single-Pole Compensation (Cont'd) I 
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X 



10 k 100k IM II 

FREQUENCY (tl — Hz 

92CS-240I3 

Fig.21 — Output voltage swing vs. frequency. 


:::: voltage supply iv* i=isv 
---- AMBIENT TEMPERATURE IT a )*25*C 

:::: capacitance: icu* 30 pf 

(C2) = 300 pF 

TWO- POLE COMPENSATION 

20 30 40 50 60 70 

TIME (») — M s 


Fig.24 — Voltage follower pulse response. 



VOLTAGE SUPPLY (V* )= 15 V 
AMBIENT TEMPERATURE (T A )*25°C 
CAPACITANCE: (CI)=30pF 
) CAPACITANCE : (C2) = 300 pF 
TWO- POLE COMPENSATION 


10 100 Ik 10k 100k IM 10 M 

FREQUENCY ( f ) — Hz 

92CS-240I4 

Fig. 22 — Supply voltage rejection ratio vs. frequency. 


I 10 100 Ik 10k 100k IM IOM 

FREQUENCY ( t ) — Hz 

92CS- 24017 

Fig.25 — Voltage gain and phase lag vs. frequency. 


FOR TYPES CA101A AND CA201A 
Two-Pole Compensation 
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Fig. 23 - Test circuit employing two-pole compensation. 


Fig.26 — Output voltage swing vs. frequency. 
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CA101, CA101A, CA201, CA201A, CA301A 



92CS- 24019 92CS-24022 

Fig.30 — Output voltage swing vs. frequency. 


Fig.27 — Test qircuit employing feedforward compensation. 
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OUTPUT VOLTAGE SWING (V 0 pp) 



j! | [ AMBIENT TEMPERATURE 

-Mt (T A )-25»C 

}t SUPPLY VOLTAGE (V ± )«I5V 


0 10 20 30 40 50 60 70 80 90 100 

TIME {♦) — pS 

92CS-23997 

Fig.36 — Voltage follower pulse response. 


Type CA301 A 



Fig.38 — I /f noise current vs. frequency. 
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□UCM] 

Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA107, CA207, CA307 Types 



Operational Amplifiers 

For Military, Industrial, and Commercial Applications 


8-LEAD TO-5 CA207T 

with Dual-in-Line CA307T 

Formed Leads 8-LEAD TO-5 



8-LEAD DUAL-IN-LINE 
PLASTIC (MINI-DIP) 


^\Feature 

Type 

Max. V|Q 
(mV) 

Max. 1 1 o 
(nA) 

Max. I|b 
( nA) 

Temp. 

Range (T^) 

°C 

CA107 

3 

20 

100 

-55 to +125 

CA207 

3 

20 

100 

-25 to +85 

CA307 

10 

70 

300 

0 to +70 


RCA-CA107, CA207, CA307 are general-purpose operational 
amplifiers intended for use in military, industrial, and commer- 
cial applications. A 30-pF on-chip capacitor provides internal 
frequency compensation. Low input current over temperature 
range (100 nA max.) for the CA107 and CA207 make these 
types especially well suited for applications such as long in- 
terval timers and sample-and-hold circuits. 

The CA107, CA207, and CA307 are supplied in the standard 
8-lead TO-5 style package ("T" suffix), the 8-lead TO-5 style 
with dual-in-line formed leads ("S" suffix), and in chip form 
("H" suffix). The CA307 is also available in the 8-lead dual-in 
plastic "MINI-DIP" package ("E" suffix). 


Applications: 

■ Long-interval integrators 

■ Timers 

■ Sample-and-hold circuits 

■ Summing amplifiers 

■ Multivibrators 

The CA107T,S, CA207T.S, and CA307T,S,E are direct re- 
placements for industry types 107, 207, and 307 in packages 
with similar terminal arrangements. 



TOP VIEW 

92CS- 23981 

FUNCTIONAL DIAGRAM FOR PLASTIC PACKAGE. 



V - 


NOTE: PIN 4 IS CONNECTED TO CASE 
TOP VIEW 

92CS-23982 


FUNCTIONAL DIAGRAM FOR TO-5 STYLE PACKAGES. 


5-74 
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CA107, CA207, CA307 
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Maximum Ratings, Absolute-Maximum Values at T^ = 25° C: 

DC SUPPLY VOLTAGE (Between V + and V - Terminals): 

CA107, CA207 . 44 V 

CA307 36 V 

DC INPUT VOLTAGE : ±15 V 

(For supply voltages less than ±15 V, the absolute maximum input voltage is equal to the supply voltage) 

DIFFERENTIAL INPUT VOLTAGE ±30 V 

OUTPUT SHORT-CIRCUIT DURATION* Indefinite 

DEVICE DISSIPATION UP TO T A = 70°C 500 mW 

Above T A = 70°C Derate linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating -CA1 07 -55°C to +125°C 

CA207 — 25°C to +85°C 

CA307 0°C to +70°C 

Storage - All Types -65°C to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 seconds max +265°C 


* For CA307 continuous short circuit is allowed for Case Temperature to +70°C and ambient temperature to +55°C. 




92CM-23983 



Fig. 1 — Schematic diagram of CA107, CA207, and CA307. 
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CA107, CA207, CA307 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS* 

LIMITS 

UNITS 

Supply Voltage (V*) = 

5 V to 15 V 

CA107 

CA207 

CA307 



12531 

BWfM 

ESS 


Input Offset Voltage 

v IO 

T a = 25°C,R s <50 k£2 

- 

0.7 

2 

- 

2 

m 

mV 

R s < 50 k£2 

- 

- 

3 

- 

- 

10 

Average Temperature 
Coefficient of Input 
Offset Voltage 

O 

> 

3 


B 

3 

15 

■ 


30 

fJL\Z/° C 


m 


- 

- 

gj n 

- 

- 

BB 

nA 

T a = 25°C 

- 



- 

3 

50 

Average Temperature 
Coefficient of Input 
Offset Current 

a, IO 

See Note 1 

- 

0.01 


- 

0.01 

0.3 

nA/°C 

See Note 2 

- 


0.2 

- 

0.02 

0.6 

Input Bias Current 

•iB 


- 



- 

- 

S22H 

nA 

T a = 25°C 

- 


m 

- 


250 

Supply Current 

■ 


- 

1.2 

m 

- 

- 

- 

mA 


- 

1.8 

3 

- 

1.8 

3 

Open-Loop Differential 
Voltage Gain 

a ol 

v ±= 15 V, 

V o = ±10V, R L >2k£2 

25 

- 

- 

15 

- 

- 

V/mV 

V ± = 15 V, V 0 = ±10V 
R L >2k£2,T A = 25°C 

50 

160 

■ 

25 

160 

- 

Input Resistance 

R l 

T a = 25°C 


4 

- 

0.5 

2 

- 

Mft 

Output Voltage Swing 

v OPP 

V- =15V, R|_=10 k£2 

±12 

±14 

- 

±12 

±14 

- 

V 

V ± = 15 V, R|_ = 2 kJ2 

±10 

±13 

- 

±10 

±13 

- 

Input Voltage Range 

V ICR 

V± = 20 V, 

(CA307 V± = 15 V) 

±15 

- 

- 

±12 

- 

- 

V 

Common-Mode 

Rejection Ratio 


Rg ^ 50 k£2 

80 

96 

- 

70 

90 

- 

dB 

Supply-Voltage 

Rejection Ratio 

PSRR 

Rg < 50 k£2 

80 

96 

- 

70 

96 

- 

dB 


Note 1: For CA107, +25 to +125°C; For CA207, +25 to +85°C: For CA307, +25 to 70°C. 

Note 2: For CA107, -55 to +25°C; For CA207, -25 to +25°C: For CA307, 0 to +25°C. 

A Characteristics applicable over operating temperature range as shown below unless otherwise specified. 
CA1 07 - T A = -55 to +1 25° C 
CA207 - T A = -25 to +85°C 
CA307 - T a = 0 to 70° C 
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CA107, CA207, CA307 
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TYPICAL CHARACTERISTICS FOR CA107, CA207 



75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) — °C 

92CS-23986 

Fig. 4 - input offset and input bias current vs. ambient 
temperature. 


±5 ±10 ±15 ±20 ±25 ±30 

OUTPUT CURRENT (Iq)— mA 


Fig. 5 — Output voltage swing vs. output current. 



92CS-23988 

Fig. 6- 1/f noise current vs. frequency. 
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INPUT OFFSET CURRENT (Iiq)— > iA | SUPPLY CURRENT (I±) — mA 
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. CA107, CA207, CA307 


TYPICAL CHARACTERISTICS FOR CA307 



SUPPLY VOLTAGE (V±) — V 


Fig. 7 — Supply current vs. supply voltage. 



SUPPLY VOLTAGE (V±) — V 

92CS-23990 

Fig 8 — Open-loop differential voltage gain vs. supply voltage. 
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OUTPUT VOLTAGE SWING <V 0 pp) 


CA107, CA207, CA307 . 
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TYPICAL CHARACTERISTICS FOR ALL TYPES 


amiu 


FREQUENCY tf)— Hx 

92CS— 23994 

Fig. 12 — Iff noise voltage vs. frequency. 




FREQUENCY (f J — Hz 

92CS-23995 

Fig. 13 — Open-loop differential voltage gain vs. frequency. 


AMBIENT TEMPERATURE (Ta)«25«C 
SUPPLY VOLTAGE (V±)*I5V 


FREQUENCY (f ) — Hz 

92CS- 23996 

Fig. 14 — Output voltage swing vs. frequency. 
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Fig. 15 — Input and output voltage vs. time. 









File No. 621 



Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 


CA108T 

CA208T 

CA308T 


CA108S 

CA208S 

CA308S 


CA108AT 

CA208AT 

CA308AT 


CA108AS 

CA208AS 

CA308AS 


Precision Operational Amplifiers 

For Military, Industrial, and Commercial Applications 

Features: 

■ Maximum input bias current — 2 nA for CA108 & CA208 series 

7 nA for CA308 series 

■ Maximum input offset current — 0.2 nA for CA108 & CA208 series 

1 nA for CA308 series 

■ Supply current of only 300 /uA, even in saturation 

■ Maximum input offset voltage of 0.5 mV for "A" suffix types 


RCACA108T, CA108AT, CA108S, CA108AS, CA208T, 
CA208AT, CA208S, CA208AS, CA308T, CA308AT, CA308S, 
and CA308AS are uncompensated precision operational ampli- 
fiers using super-beta transistors and feature very low offset 
parameters, high input impedance, and defined drift rates with 
temperature change. 

In addition to low drift, these super-beta op-amps have 
input currents sufficiently low to insure low drift, even when 
using high source resistances, e.g., 10 megohms. 

These devices have sufficient supply rejection to operate from 
unregulated power supplies within a range of ±2 V to ±20 V, 
and the input bias current is specifically controlled for use in 
sample-and-hold applications. 

The “A" versions have all the desirable features and charac- 
teristics of their prototypes plus exceptionally low input 
offset voltage characteristics. The CA108, CA108A, CA208, 
CA208A, CA308, and CA308A are direct replacements for 
industry types 108,1 08 A, 208,208 A, 308,308 A, and they are 
supplied in either standard 8-lead TO-5 packages or in 8-lead 
TO-5 packages with dual-in-line formed leads ("DIL-CAN"). 


ELECTRICAL CHARACTERISTICS, 
MAXIMUM VALUES AT T A = 25°C 

CA108T 

CA108S 

CA108AT 

CA108AS 

CA208T 

CA208S 

CA208AT 

CA208AS 

CA308T 

CA308S 

CA308AT 

CA308AS 

Input Offset Voltage (V|q) 

2 mV 

0.5 mV 

2 mV 

0.5 mV 

7.5 mV 

0.5 mV 

Input Offset Current (I|q) 

0.2 nA 

1 nA 

Input Bias Current (l|g) 

2 nA 

7 nA j 

Average Temperature Coefficient 
of Input Offset Voltage (AV, 0 /AT) 

15*iV/°C 

5mV/°C 

15 nV/°C 

5 p\l/°C 

30 mV/°C 

5 pV/°C 

Ambient Operating- 
Temperature Range 

—55 to +125°C 

-25 to +85°C 

0 to +70°C 


Applications: 

■ Instrumentation 

■ Summing amplifier 

■ Comparator 


Multivibrators 
Band-pass filters 
Sample and hold 



FUNCTIONAL DIAGRAM 


.! % l 



CA108S, AS 
CA208S, AS 
CA308S. AS 


8-LEAD TO-5 
with Dual-ln-Line 
Formed Leads 


H-1787 



CA108T, AT 
CA208T, AT 
CA308T, AT 
8-LEAD TO-5 
H-1528 


5-73 
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CA108, CA208, CA308 Series 

Maximum Ratings, Absolute-Maximum Values at T a = 25°C: 
DC Supply Voltage (Between V + and V - Terminals): 

CA108, CA108A, CA208, CA208A . 

CA308, CA308A 

DC Input Voltage 

(For supply voltages less than ± 15 V, the absolute 
maximum input voltage is equal to the supply voltage) 

Differential Input Current 

Output Short-Circuit Duration 

Device Dissipation 

Ambient Temperature Range: 

Operating - CA108, CA108A 

CA208, CA208A 

CA308, CA308A 

Storage — All Types 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case 
for 10 seconds max. 


File No. 621 


40 V 

36 V 

±15 V 


±10 mA 
Indefinite 
500 mW 

— 55°C to +125°C 
— 25°C to +85°C 
0°C to +70°C 
— 65°C to +150°C 


+300 °C 
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Note 1: Ambient Temperature (T^) over 
applicable operating temperature range as 
shown below unless otherwise specified. 

CA108 CA208 CA308 

CA108A CA208A CA308A 

-55 to +1 25°C -25 to +85°C 0 to +70°C 


TEST CIRCUITS 


Rl R2 



Rl 


R2 


* v i o — vw 


AA/V 



Fig. 2— Standard frequency-compensation. 


Fig. 3— Alternate frequency-compensation. 
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CA108, CA208, CA308 Series . 


. File No. 621 



TYPICAL APPLICATIONS 



Fig. 4 — Sample-and-hold circuit. 


SLEW RATE 1 10 V//xs 
.6xl0- 8 


Fig. 5 — Fast summing amplifier circuit. 


CHARACTERISTIC CURVES 


^ KT8 AMBIENT TEMPERATURE (T A )«25°C 




I ~ I0 3 8| AMBIENT TEMPER ATURE (T A )*25*C 




INPUT RESISTANCE (Ri>— ft 


Fig. 6 — Input offset error for CA108, CA 108A , CA208, 
and CA208A. 


SUPPLY VOLTAGE ( V+ )* 15 V 


-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE(T A )— *C 


INPUT RESISTANCE (Ri) — 


Fig. 7 — Input offset error for CA308 and CA308A. 



SUPPLY VOLTAGE (V*)» 15 Vk 



10 2 0 3 0 40 50 6 0 70 80 

AMBIENT TEMPERATURE (TJn) — °C 


Fig. 8 - Input offset current vs. temperature for CA108, 
CA108A, CA208, and CA208A. 


Fig. 9 - Input offset current vs. temperature for CA308 
and CA308A. 
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CA108, CA208, CA308 Series 
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CHARACTERISTIC CURVES (Cont'd) 



SUPPLY VOLTAGE (V + »■ 15 V it 

-- 






h- 





: 




T 






3= 

3 





3 






_ 






T 


1.5 


Tt 


■ 

a 




■i 


■ 

■ 









: 

i: 

■1 





c 





a 






■ 

■ 










s 








z 



L 






S 

■ 










■ 

■ 





8 


z 






t 



3 







IS 




s 













■ 




■ 

■■1 






tt 

± 

- 

± 

s 













■ 

IB 



■ 

ibi 








■ 


■ 






cc 






t 

1 

t 



■ 

u 








s 


s 






Z3 







■1 




■ 









■ 


s 






U) 







i 

4: 



■ 









■ 








« I 








jjj 



: 









B 


s 



- 



►- 0.5 








■■ 



■ 









s 


■ 



I 



3 








n 



■ 









■ 


■ 






z 






4= 





■ 









■ 





- 









|| 


IS 



■ 









■ 


■ 

■ai 


I 








__ 















- 




-- 

- 






:z 


:: 



;7 


:: 



:i 






I 

- 



:: 

II 

I 



0 




















_ 









5 

>0 -25 0 

25 

50 7 

IOC 

12! 



AMBIENT TEMPERATURE |T A ) — # C 

92CS-2II38 


Fig. 10 — Input bias current vs. temperature for CA 108, 
CA108A, CA208, and CA208A. 



SUPPLY VOLTAGE IV+V'-V 

92CS-2II40 


Fig. 12 — Supply current vs. supply voltage for CA 108, 
CA108A, CA208, and CA208A. 



92CS-2I 142 

Fig. 14 - Voltage gain vs. supply voltage for CA 108, CA 108A, 
CA208, and CA208A. 



Fig. 11 — Input bias current vs. temperature for CA308 and 
CA308A. 



Fig. 13 - Supply current vs. supply voltage for CA308 
CA308A. 
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SUPPLY VOLTAGE (V*V"> — V 

92CS-2II43 


Fig. 15 — Voltage gain vs. supply voltage for CA308 and 
CA308A 
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CA108, CA208, CA308 Series 
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CHARACTERISTIC CURVES (Cont'd) 



0 2 4 6 8 

OUTPUT CURRENT (I 0 1 — mA 

92CS-2II44 


Fig. 16— Output voltage vs. output current for CA 108, 
CA108A, CA208, and CA208A. 



Fig. 17 — Output voltage vs. output current for CA308 
and CA308A. 



Fig. 18— Voltage-follower pulse response for all types. 



Fig. 20 — Input noise voltage for all types. 




Fig. 21 — Power-supply rejection for all types. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA111, CA211, CA311 Types 



Voltage Comparators 

For Commercial and Industrial Applications 
Features 

■ Single- or dual-supply operation 

■ Power consumption — 135 mW at ±15 V 

■ Strobe capability 

■ Low input-offset current: 

CA111, CA211 — 4 nA (typ.) 

CA311 — 6 nA (typ.) 

■ Differential input-voltage range — ±30 V 

■ Directly interchangeable with National 

Semiconductor types LM111H, LM211H, and LM311 


The RCA-CA111, CA211, and CA311 are monolithic voltage 
comparators that operate from dual supplies up to ±15 V, or 
from single supplies down to 5 V. This single-supply capability 
makes the outputs of these devices compatible with RTL, DTL, 
TTL, and MOS circuits. In addition, they can drive lamps or 
relays, and switch voltages up to 50 V (CA31 1 , 40 V) at currents 
as high as 50 mA. 

The inputs and the outputs of the CA1 11, CA21 1 , and CA31 1 
can be isolated from system ground, allowing the output to 
drive loads referred to ground, V + , or V - . 

The CA111, CA211, and CA311 are supplied in the 8-lead 
TO-5 style package ("T" suffix), and the "DIL-CAN", an 
8-lead TO-5 style package with dual-in-line formed leads 
("S" suffix). The CA311 is also supplied in chip form ("H" 
suffix). These types are direct replacements for industry types 
111,211, and 31 1 in similar packages. 


v + 



92CS-24379 


FUNCTIONAL DIAGRAM 


Applications 

■ Multivibrators 

■ Positive and negative peak detectors 

■ Crystal oscillators 

■ Zero-crossing detectors 

■ Solenoid, relay, and lamp drivers 


MAXIMUM RATINGS, Absolute Maximum Values at T A « 25° C 


DC SUPPLY VOLTAGE (between V+ and V - terminals) 36 V 

DC INPUT VOLTAGE* ±15 V 

DIFFERENTIAL INPUT VOLTAGE ±30 V 

OUTPUT TO NEGATIVE SUPPLY VOLTAGE (Vy^): 

CA111.CA211 50 V 

CA31 1 40 V 

GROUND TO NEGATIVE SUPPLY VOLTAGE <V 1 _ 4 ) 30 V 

OUTPUT SHORT-CIRCUIT DURATION 10 s 

DEVICE DISSIPATION: 

Up to T a = 25° C 500 mW 

Above T^ = 25°C derate linearly at 6.67 mW/ C 

AMBIENT TEMPERATURE RANGE: 

Operating: 

CA111 —55 to +125°C 

CA21 1 -25 to +85° C 

CA31 1 0 to +70° C 

Storage, all types — 65 to +150 C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ±0.79 mm) o 

from case for 10 seconds max +265 C 


*This rating applies for ±15 V supplies. The positive input-voltage limit 
is 30 V above the negative supply. The negative input-voltage limit is 
equal to the negative supply voltage or 30 V below the positive supply. 
The negative input-voltage limit is equal to the negative supply voltage 
or 30 V below the positive supply, whichever is less. 
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File No. 797 CA111, CA211, CA311 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

FIG. 

NO. 

SUPPLY VOLTAGE IV 1 ) = 15 V 

UNLESS OTHERWISE SPECIFIED 

CA111 

CA211 

CA311 

TYP. 

MAX. 

TYP. 

MAX. 

Input Offset Voltage 

V IO 

16,24 

R s < 5 k!2. Note 2 

T a =25°C 

0.7 

3 

2 

7.5 

mV 

Note 1 

- 

4 

- 

10 

Saturation Voltage 


13,22. 

V| = — 5 mV, l 0 = 50 mA 
(For CA311, V, <-10mV) 

T a =25°C 

0.75 

1.5 

- 

- 

V 

V + > 4.5 V, V- = 0, V, < -6 mV, 

'SINK < 8 mA 

(For CA31 1, V, <-10 mV) 

Note 1 

0.23 

0.4 

- 

- 

Input Voltage Range 

V,pp 



Note 1 

±14 


±14 

- 

V 

Input Offset Current 

1 10 

9,18 

Note 2 

T a =25°C 

4 

10 

6 

50 

nA 

Note 1 

- 

20 

- 

70 

Input Bias Current 

'lB 

8,17 

Note 2 

T a =25°C 

60 

100 

100 

250 

nA 

Note 1 

- 

150 

- 

300 

Positive Supply Current 

l + 



T a =25°C 

5.1 

6 

5.1 

7.5 

mA 

Negative Supply Current 

1" 



T a =25°C 

4.1 

5 

4.1 

5 

mA 

Output Leakage Current 


15,24 

V| >5mV,V 0 =35V 
(For CA31 1, V| ^ — 10 mV) 

T a =25°C 

0.2 

10 

- 

- 

nA 

Note 1 

0.1 

0.5 

- 

- 

ma 

Strobe On Current 




T a =25°C 

3 

- 

3 

- 

mA 

Voltage Gain 

A 



T a =25°C 

200 

- 

200 

- 

V/mV 

Response Time 


2,3, 

4,5 

1 00 mV Input Step with 

5 mV overdrive voltage 

T a =25°C 

200 

- 

200 

- 

ns 


Note 1 : Ambient temperature (T A ) over applicable operating temperature range as shown below. 


CA111 CA211 CA311 

—55 to +1 25° C —25 to +85° C 0 to +70° C 

Note 2: The input offset characteristics given are the values required to drive the output to within 1 V of either supply with a 
1-mA load. These characteristics define an error band which takes into account the worst-case effects of voltage gain 
and input impedance. The input offset voltage, input offset current, and input bias current specifications apply for 
any supply voltage from a 5 V single supply up to a ±15 V dual supply. 

TYPICAL CHARACTERISTICS - ALL TYPES 




Fig. 1— Response time for various input overdrive Fig. 2— Response time for various input overdrive 

voltages— positive input. voltages— negative input. 
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OUTPUT VOLTAGE (Vq) 


CA111 



Fig. 4— Response time for various input overdrive 
voltages— positive input. 
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.CA111,CA211, CA311 


TYPICAL CHARACTERISTICS - ALL TYPES (CONT'D) 
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SSSS 






POWER DISSIPATION (P D ) 


r aaBaaaaaaaaaaBaaaaaaa 
•■■■■■■■■■■■■■■■■■■■■a 
aaaaaaaaaaaaEaaaaaaaaa 
aaaaaaaaaaaaBaaaaaaaaa 
■aaaaBaaaBaaaaaaaaaaaa 
Bbbbbbbbbbbbbbbbbbbbbb 
BaaaaBBaaaaaBBBaaaaBBa 


ssssl 


SHORT-CIRCUIT CURRENT (I S C> 


IBBBBBBBBBI 


OUTPUT VOLTAGE (V 0 )— V 


Fig. 6—Ouptut limiting characteristics. 
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TYPICAL CHARACTERISTICS - CA111, CA211 


SUPPLY VOLTAGE (V 1 ) • 15 V L 
TERMINALS 5,6, AND 8 SHORTED F 


■aaaa 

|s:ss 

Hssss 


|ss:s 

is::: 


BBkb*^l 


ESSES 


■sssss 

aaaaaaa 


■bbbib 

aaaaaaa 

aaaaaaa 


SUPPLY VOLTAGE ( V ) » 1 5 V t 

TERMINALS 5, 6. AND 8 SHORTED F 


BBaak^aa 

aaaaaa^a 

aaaaBBah 


araaaaaaaBaa 


aSSaSaiaS""^ 


ssssss 

aaaaai 


a SaaSaS 


aaaaai 

afiaaal 


SSSSSl 


SSSSSl 


SSSSSl 


aaaa a 
aaaa a 
aaaa a 


aBBaBBBBBBBBBBa| 

laBaBBBBflBBBBBBl 

■BBBaBBBBaaBflflal 

aaBBaaaaaaaaaaal 


BBBBBBBBBBBBBBBl 

BaaBaBBBBaaaaia| 

HaaaaBBBBaBaaaal 

BBaaBBaaBaaBaal 

HHHHHH”! 


IBBBBBflBBflBi 


BBBBBBBBBBBBBBBl 


BBBBBaflBBBflBBBI 
UKaaBaaaaaaBB; 
iBaaaBaBBaaa 
laaaaaaaaaaa 


Hw >, 

BBBB 

aaaa 

aaaa 

■■ 

aa 

ssiila 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBMl 

n, v "'V/ 
viinvvsn 

' MU* 
■wfji 

aaaa 

aaaa 

BBBB 

BBBB 

BBBB 

BBBB 

aaaa 

BBBB 

BBBB 

aa 

aa 

BB 

BB 

aa 

aa 

aa 

aa 

BB 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

BaaaaBaaaaBaaaaaaaaBaaaaaaaaa 

BflBBBBBBBBBaaaaaaBBBaaaBBBaBB 

aaBaBBBaBaaaaaaaaBBaaaaaaaaaa 

aaBaaaaaaaaaaaaaaBaBaaaaaaaaa 

aaBaaiaaaaaaBaaaaaBBaaaBBaaaB 

aaaBaaaaaaaaaaaaBBaaaaaaBaaaa 

BBBBBBaaaaBaaaaaaaaaaaaaaaaaB 

■BBBBaaBBBBM"*:r::±raaaMBaa 


IB^HBBB 

ib^Hibb 

iB^Haaii 

ia^Haai! 

ib^^Hbbii 

BB 

aa 

IB 

■■aaaBBaaaaBaaaaaaaaBaaaBBaaB 
BaaBBaBBBaBBaaaaBBBBaBBBBBBBfl 
BBBBaaBBBBBBB ft BB B a BBBBBBl 

laaaaaaaaMaaaaaaaaaaaaaMR*?!i 

: iiiiiiiiiiiiiiiS5B»”~.«iaiiaBai| 

i^^^^Bf9BaaaaBBaa BaaaaaBBaBBBBBaaaBBBaaBBaaHaai| 
.-^^WLaBaaaaBBBBa BaaaBaBaBiiBBBBBBaBaaBBaaaaaaa 
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TYPICAL CHARACTERISTICS - CA111, CA211 (CONT'D) 



Fig. 16— Offset error. 








INPUT BIAS CURRENT (IIB)-nA 
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. CA111 / CA211 # CA311 


TYPICAL CHARACTERISTICS - CA311 




AMBIENT TEMPERATURE (T A ) — # C 


AMBIENT TEMPERATURE (T A ) — °C 


Fig. 17— Input bias current vs. ambient temperature. 


Fig. 18— Input offset current vs. ambient temperature. 
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Fig. 21— Transfer function. 
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Fig. 22— Output saturation voltage vs. output current. 
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TYPICAL CHARACTERISTICS - CA311 (CONT'D) TYPICAL APPLICATIONS 


SUPPLY VOLTAGE (V X )»I5V 


m i i ! 1 1 1 


. OUTPUT high 


10 20 30 40 50 60 70 80 

AM8IENT TEMPERATURE (Ta) — *C 

92CS— 24402 

Fig. 23— Supply current vs. ambient temperature. 


v + 



Fig. 26— Comparator and solenoid driver. 



Fig. 24— Input and output leakage current vs. ambient temperature. 


V + * 5V V + *5 V 



Fig. 27— Digital transmission isolator. 



Fig. 25-Offset error. 





*INPUT POLARITY IS REVERSED WHEN 
USING PIN I AS OUTPUT 


92CS-24407 


Fig. 28— Driving a ground-referred load. 
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File No. 797 CA111, CA21 1 , CA31 1 

TYPICAL APPLICATIONS (CONT'D) 




Fig. 29— Zero-crossing detector driving MOS logic. 


V + 1 5 V 



92CS-244IO 


Fig. 31— Low-voltage adjustable-reference supply. 


FROM D/A NETWORK 



Fig. 30— Using damp diodes to improve response. 


DC SUPPLY 



TRANSIENTS ON DC SUPPLY LINE 

92CS-244II 

Fig. 32— Relay driver with strobe. 


V + -5SI 



PHOTODIODE HAS LESS THAN 5 mV ACROSS IT. 
DECREASING LEAKAGES BY AN ORDER OF 
MAGNITUDE. 

92CS-244I3 


Fig. 33— Strobing off both input and output stages. 


Fig. 34— Precision photodiode comparator. 
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CA1 1 1 , CA21 1 , CA31 1 


TYPICAL APPLICATIONS (CONT'D) 

ci* 


1000 pF 



Fig. 40-10-Hz to 10-kHz voltage controlled oscillator. 



Fig. 4 1 —Switching power amplifier. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA339E 

CA339AE 



14-Lead Dual-in-Line 
Plastic Package 


Quad Voltage Comparators 

For Industrial and Commercial Applications 
Features: 

■ Operation from single or dual supplies 

■ Common-mode input-voltage range to ground 

■ Output voltage compatible with TTL, DTL, 

ECL, MOS, and CMOS 

■ Differential input-voltage range equal to the 
supply voltage 

■ Maximum input offset voltage: 

CA339A - 2 mV 
CA339 - 5 mV 


The RCA-CA339E and CA339AE types consist of four in- 
dependent single- or dual-supply voltage comparators on a 
single monolithic substrate. The common-mode input-voltage 
range includes ground even when operated from a single supply, 
and the low power-supply current drain makes these com- 
parators suitable for battery operation. These types are de- 
signed to interface directly with TTL and CMOS. 

The CA339AE has all the features and characteristics of 
the CA339E plus an even lower input-offset-voltage charac- 
teristic. They are supplied in the 14-lead dual-in-line plastic 
package ("E" suffix) and are direct replacements for industry 
types 339 and 339A in similar packages. The CA339 is also 
available in chip form (CA339H). 


MAXIMUM RATINGS. Absolute-Maximum Values at T A = 25°C: 


DC SUPPLY VOLTAGE . 36 V or ± 18 V 

DC DIFFERENTIAL INPUT VOLTAGE. ... ±36 V 

INPUT VOLTAGE -0.3 V to + 36 V 

INPUT CURRENT (V| <-0.3 V)* 50 mA 

OUTPUT SHORT CIRCUIT TO GROUND* 

(Single Supply) Continuous 

DEVICE DISSIPATION: 

Up to T A = 25°C 570 mW 

Above T A = 25°C derate linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating — 55°C to +125°C 

Storage -65 to +150 °C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 in. (1.59 ±0.79 mm) 

from case for 1 0 seconds max +265 °C 

* Inputs must not go more negative than —0.3 V. 


A Short circuits from the output to V + can cause excessive heating and 
eventual destruction. The maximum output current independent of 
V + is approximately 20 mA. 


Applications: 

■ Square-wave generators 

■ Time-delay generators 

■ Pulse generators 

■ Multivibrators 

■ High-voltage digital logic gates 

■ A/D converters 

■ MOS clock timers 


OUTPUT 2 0- 
OUTPUT I 0- 
V- ©— | 
NE6. INPUT I @ 

POS. INPUT I 0- 
NEG. INPUT 2 
POS. INPUT 2 0- 


A 


A 




— <W) OUTPUT 3 
-©OUTPUT 4 


©GROUND 

t — © POS. INPUT 4 
©NEG. INPUT 4 
POS. INPUT 3 
-(B) NEG. INPUT 3 


Fig. 1 — Functional diagram. 
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CA339E, CA339AE 
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ELECTRICAL CHARACTERISTICS 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 

V + = 5 V 


CA339 

CA339A 

UNITS 



Unless otherwise indicated 

MIN. 

TYP. 

MAX. 


Input Offset Voltage: 


At Output Switch 
Point V = 1.4 V, 

25°C 

- 

2 

5 


CA339 

V| 0 

0 to 70 °C 

- 

- 

9 


C A 339 A 

VREF = 1.4V 

25°C 

- 

1 

2 


R S = 0 

0 to 70 °C 

- 

- 

4 


Differential Input Voltage 

V| D 

Keep all inputs > 0 V for V - 
(If Used), TA = 0 to 70°C, NOTE 1 

- 

- 

36 

V 

Saturation Voltage 

VSAT 

V|~= 1 V,V| + = OV, 

25°C 

- 

250 

500 

mV 

•SINK < 4 mA 

0 to 70 °C 

- 

- 

700 

Common-Mode Input 

V|CR 

NOTE 2 

25°C 

0 

. - 

(V+) - 1.5 


Voltage Range 

0 to 70 °C 

0 

- 

(V+) - 2 


Input Offset Current 

iio 

i| + -T 

25°C 

- 

5 

50 

nA 

0 to 70 °C 

- 

- 

150 

Input Bias Current 

1 1 B 

1 1 + or 1 1 with Out- 

25°C 

- 

25 

250 

nA 

put in Linear Range 

0 to 70 °C 

- 

- 

400 

Supply Current 

1 + 

R[_ = 00 on all comparators, 

T A = 25° C 

- 

0.8 

2 

mA 

Output Leakage Current 


V|+> 1 V, V| — - 0, 
Vo = 5 V 

25°C 

- 

0.1 

- 

nA 


V|+> 1 V, V|~ = 0 
V 0 = 30 V 

O to 70 °C 

- 


1 

(lA 


Output Sink Current 


V|~> 1 V, V|+ = 0, 

V 0 <+ 1.5V, T a = 25° C 

6 

16 

- 

mA 

u ~ . CA339E 
Voltage Gain CA339AE 

A 

R L >15k£2, T A = 25° C 

- 

200 

- 

V/mV 


R l > 15 kft, T a = 25° C 

50 

200 

— 

V/mV 

Large Signal 

Response Time 


V| = TTL Logic Swing 

V REF = + 1-4 v . V RL = 50 v » 

RL = 5.1 k£l, T A = 25°C 

- 

300 

- 

ns 

Response Time 


Vrl = 5 V, R[_ = 5.1 k£2, 

T A = 25°C, See Figs. 5 & 6 

- 

1.3 

- 

MS 


NOTE 1 : The comparator will provide a proper output state even if the positive swing of the inputs exceeds the power 
supply voltage level, if the other input remains within the common-mode voltage range. The low input volt- 
age state must not be less than —0.3 V (or 0.3 V below the magnitude of the negative power supply, if used). 

NOTE 2: The upper end of the common-mode voltage range is (V + ) —1.5 V, but either or both inputs can go to +30 V 
without damage. 
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SUPPLY CURRENT (I + ) 


File No. 795 


CA339E, CA339AE 



Fig. 2 — Schematic diagram. 


TYPICAL CHARACTERISTICS 



SUPPLY VOLTAGE (V + ) — V 

92CS-24I5I 

Fig. 3 — Supply current vs. supply voltage. Fig.4 — Input current vs. supply voltage. 



0 10 20 30 40 

SUPPLY VOLTAGE (V + ) — V 

92CS- 24152 
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CA339E, CA339AE 


File No. 795 




Fig. 5 — Response time for various input 
overdrives — negative transition. 


Fig. 6 — Response time for various input 
overdrives — positive transition. 



92CS-24I55 


Fig. 7 — Output saturation voltage vs. 
output sink current. 


62 




File No. 834 



Solid State 
Division 


Linear integrated Circuits 

Monolithic Silicon 

CA555, CA555C 




CA555S 

CA555CS 


8-LEAD TO-5 
with Dual-in-Line 


(OILCAN) 



m 


CA555E 
CA555CE 

8-LEAD DUAL-IN-LINE 
PLASTIC (MINI-DIP) 


Timers 

For Timing Delays & 

Oscillator Application 

Features: 

■ Accurate timing from microseconds through hours 

■ Astable and monostable operation 

■ Adjustable duty cycle 

■ Output capable of sourcing or sinking up to 200 mA 

■ Output capable of driving TTL devices 

■ Normally ON and OFF outputs 

■ High-temperature stability — 0.05%/°C 

■ Directly interchangeable with SE555, NE555, MC1555, 
and MC1455 


The RCA-CA555 and CA555C are highly stable timers for use 
in precision timing and oscillator applications. As timers, these 
monolithic integrated circuits are capable of producing 
accurate time delays for periods ranging from microseconds 
through hours. These devices are also useful for astable oscil- 
lator operation and can maintain an accurately controlled free- 
running frequency and duty cycle with only two external 
resistors and one capacitor. 

The circuits of the CA555 and CA555C may be triggered by 
the falling edge of the waveform signal, and the output of these 
circuits can source or sink up to a 200-milliampere current or 
drive TTL circuits. 

The CA555 and CA555C are supplied in standard 8-lead TO-5 
style packages (T suffix), 8-lead TO-5 style packages with 
dual-in-line formed leads ("DIL-CAN", S suffix), 8-lead 


CONTROL 



Fig. 1 — Functional diagram of the CA555 series. 


Applications: 

■ Precision timing 

■ Sequential timing 

■ Time-delay generation 

■ Pulse generation 

■ Pulse-width and -position modulation 

■ Pulse detector 

dual-in-line plastic packages ("MINI-DIP", E suffix), and in 
chip form (H suffix). These types are direct replacements for 
industry types in packages with similar terminal arrangements 
(e.g. SE555 and NE555, MCI 555 and MC1455, respectively). 


MAXIMUM RATINGS. Absolute-Maximum Values: 

DC SUPPLY VOLTAGE 18 V 

DEVICE DISSIPATION: 

Up to T A = 55°C 600 mW 

Above T A =55°C Derate linearly 5 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating * —55 to +125 C 

Storage —65 to +150 °C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16” ±1/32" (1.59 ±0.79) 

from case for 1 0 seconds max +265 C 
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CA555, CA555C 

ELECTRICAL CHARACTERISTICS, At T A = 25° C, V+ = 5 to 15 V unless otherwise specified 



* When the output is in a high state, the dc supply current is typically 1 mA less than the low-state value. 

A The threshold current will determine the sum of the values of and Rg to be used in Fig. 6 (astable operation); 
the maximum total R^ + = 20 M£2. 



Fig. 2 — Minimum pulse width vs. minimum trigger voltage. Fig. 3 — Supply current vs. supply voltage. 
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DISCHARGE | 




TRIGGER ^2^ DISCHARGE 

^ TOP VIEW 

OUTPUT (sV— —(e) THRESHOLD 


TRIGGER ©( TOP VIEW to THRESHOLD 


a. MINI-DIP plastic package b. TO -5 style package 9 2 C s-249 5 7 

Fig. 5 - Terminal assignment diagrams. 



Fig. 6 — Astabie oscillator circuit 


Fig. 7 - Output voltage drop (high state ) vs. source current. 
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□UOBZ/D 

Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA723T, CA723CT 
CA723E, CA723CE 



Voltage Regulators 

For Regulated Output Voltages Adjustable from 2 V to 37 V 
at Currents up to 150 mA Without External Pass Transistors 

Features: 

■ Up to 150 mA output current 

■ Positive and negative voltage regulation 

■ Regulation in excess of 10 A with suitable pass transistors 

■ Input and output short-circuit protection 

■ Load and line regulation: 0.03% 

■ Direct replacement for 723 and 723C industry types 

■ Adjustable output voltage: 2 to 37 V 


RCA-CA723 and CA723C are silicon monolithic integrated 
circuits designed for service as voltage regulators at output 
voltages ranging from 2 to 37 volts at currents up to 
150 milliamperes. 

Each type includes a temperature-compensated reference amp- 
lifier, an error amplifier, a power series pass transistor, and a 
current-limiting circuit. They also provide independently 
accessible inputs for adjustable current limiting and remote 
shutdown and, in addition, feature low standby current drain, 
low temperature drift, and high ripple rejection. 

The CA723 and CA723C may be used with positive and nega- 
tive power supplies in a wide variety of series, shunt, switching, 
and floating regulator applications. They can provide regu- 
lation at load currents greater than 150 milliamperes and in 
excess of 10 amperes with the use of suitable n-p-n or p-n-p 
external pass transistors. 

The CA723 and CA723C are supplied in the 10-lead TO-5-style 
ceramic package (T suffix), and the 14-lead dual-in-line plastic 
package (E suffix), and are direct replacements for industry 
types 723, 723C, pA723, and /iA723C in packages with 
similar terminal arrangements. They are also available in chip 
form ("H" suffix). 

All CA723-series circuits can be operated over the full 
military-temperature range of -55°C to+125°C. Refer to the 
chart of Electrical Characteristics for characteristics limits 
over several temperature ranges. 


Applications 

■ Series and shunt voltage regulator 

■ Floating regulator 

■ Switching voltage regulator 

■ High-current voltage regulator 

■ Temperature controller 

FREQUENCY 

v + COMPENSATION 



92CS-24I56 


Fig. 1 — Functional diagram of the CA723 and CA723C. 
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CA723T, CA723CT 
CA723E, CA723CE 


File No. 788 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE 

(Between V + and V - Terminals). 

PULSE VOLTAGE FOR 50-ms PULSE WIDTH 

(Between V + and V~ Terminals). 

DIFFERENTIAL INPUT-OUTPUT VOLTAGE . . 

DIFFERENTIAL INPUT VOLTAGE: 

Between Inverting and Non-Inverting Inputs . 
Between Non-Inverting Input and V - . . . . 

CURRENT FROM ZENER DIODE 

TERMINAL (V 2 ) 

CURRENT FROM VOLTAGE REFERENCE 
TERMINAL (V REF ) 


40 

V 

50 

V 

40 

V 

±5 

V 

8 

V 

25 

mA 

15 

mA 


DEVICE DISSIPATION: 

Up to T A = 25°C - 

CA723T, CA723CT 

CA723E, CA723CE 

Above T A = 25°C - 

CA723T, CA723CT 

CA723E, CA723CE 

AMBIENT TEMPERATURE RANGE: 
Operating 


. . . 800 mW 

. . . 1000 mW 

Derate linearly 6.3 mW/°C 
Derate linearly 8.3 mW/°C 

-55 to +125 °C 


Storage -65 to +150 °C 

LEAD TEMPERATURE (During Soldering): 

At a distance 1/16“ ± 1/32” (1.59 ±0.79 mm) 
from case for 10 seconds max +265 °C 




Fig.2 — Terminal arrangement of the CA723T and CA723CT 
in the TO-5 style package. 


Fig. 3 - Terminal arrangement of the CA723E and CA723CE 
in the dual-in-line plastic package. 


Vc 



92CM-24 159 


Fig.4 — Equivalent schematic diagram of the CA723 and CA723C. 
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ELECTRICAL CHARACTERISTICS: 


CA723T, CA723CT 
CA723E, CA723CE 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS (See Note) 

CA723 

CA723C 1 

UNIT 

Ta= 25°C, V|=V+=V C =12V. V“=0, 
Vo=5V, l|_=1mA, C|=100 pF, 
ZoiVIDER^ 10 (into error 

amplifier as shown in Fig.23) un- 
less otherwise indicated 

Min. 






Quiescent Regulator 
Current 


l L =0, V|=30 V 

- 

2.3 

19 


2.3 

4.0 

mA 




^9 

- 

mm 

EJ 

- 

40 



v 0 



- 

mm 

mi 

- 

mm 


Differential Input- 
Output Voltage 

< 

1 

< 

O 



- 

38 

3.0 

- 

38 







09 


HH 





V| = 12 to 40 V 

- 


129 

- 

oa 


%v 0 

V|=12 to 15 V 

- 

mi 

EDI 

- 

09 

mm 

V|=12 to 15 V,Ta=- 55 to +125°C 

- 

- 

HQH 

- 

- 

- 


- 

- 


- 

- 


Load Regulation 


1 [_=1 to 50 mA 

- 


09 

- 

By 


%v 0 

1 l= 1 to 50 mA, Ta=- 55 to +1 25°C 

- 

- 

l^i 

- 

- 

- 

1 1 _= 1 to 50 mA, T A =0 to 70°C 

- 

- 


- 

- 


Output-Voltage Tem- 
perature Coefficient 

A V 0 

T A =-55 to +125°C 

- 



- 

- 



Ta= 0 to 70°C 

- 


- 

- 


om 

Ripple Rejection 


f=50 Hz to 10 kHz 

- 

El 

- 

- 

mm 

- 

dB 

f=50 Hz to 10 kHz, CREF=5/iF 

- 

mm 

- 

- 

MM 

- 

Short-Circuit Limiting 
Current 

ILIM 

Rscp=io ft Vo=0 

- 

65 

- 

- 

65 

- 

mA 

Equivalent Noise 
Output Voltage 

VnOISE 

BW=100 to 10 kHz, CreF=0 

- 

20 

- 

- 

99 

- 

A^VrmS 

BW=100 to 10 kHz, Cref= 5 /iF 

- 

m 

- 

- 

m 

- 


Note: Line and load regulation specifications are given for condition of a constant chip temperature; 
for high dissipation conditions, temperature drifts must be separately taken into account. 
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Fig. 5 — Max. load current vs differential input-output voltage. 
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Fig. 6 — Load regulation without current limiting 
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Fig. 7 — Load regulation with current limiting. 
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SHORT-CIRCUIT PROTECTION: 
O.l RESISTANCE (R SCP )*0 
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Fig.8 — Load regulation with current limiting. 
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Fig. 9 — Current limiting characteristics. 
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Fig. 10 — Quiescent current vs. input voltage 
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CA723T, CA723CT 
CA723E, CA723CE 


TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723C 


MAX- JUNCTION TEMP. (Tj )M50»C I 
THERMAL RESISTANCE «I50*C/W 
QUIESCENT DISSIPATION IPoKOmWl 



MAX- JUNCTION TEMP. (Tj )»I25«C 
THERMAL RESISTANCE « I25«C/W 
QUIESCENT DISSIPATION (P Q ttOmW^ 



DIFFERENTIAL INPUT-OUTPUT VOLTAGE (V r V 0 J— V 


Fig. 11 — Max. load current vs differential input-output voltage 
for CA723CT. 


Fig. 12 — Max. load current vs differential input-output voltage 
for CA723CE. 



20 AO 60 80 IOO 

OUTPUT CURRENT (I ft )-mA 

U 05 


Fig. 13 — Load regulation without current limiting. 


OUTPUT CURRENT <I n )-mA 


Fig. 14 — Load regulation with current limiting. 



Fig. IS - Current limiting characteristics. 


Fig. 16 — Quiescent current vs. input voltage. 
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CA723T, CA723CT 
CA723E, CA723CE 
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TYPICAL CHARACTERISTICS CURVES FOR TYPES CA723 AND CA723C 



DIFFERENTIAL INPUT-OUTPUT VOLTAGE (V r V 0 )-V 

92CS-24I72 


Fig. 17 — Load regulation vs. differential input-output voltage. 



TIME 

92CS-24I74 

Fig. 19 - Line transient response. 



DIFFERENTIAL INPUT-OUTPUT VOLTAGE (V r V 0 ) — V u 

92CS-24 173 

Fig. 18 — Line regulation vs. differential input-output voltage. 



JUNCTION TEMPERATURE (Tj )— *C 

92CS-24I75 

Fig.20 — Current limiting characteristics vs. junction temperature. 




Fig.21 - Load transient response. Fig.22 - Output impedance vs. frequency. 
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CA723T, CA723CT 
CA723E, CA723CE 


TYPICAL APPLICATION CIRCUITS 

Voltage-Resistance Chart and Equations for the following Circuits are shown on pages 9 and 10. 



REGULATED OUTPUT VOLTAGE ... 5 V 

LINE REGULATION (AV|« 3 V) .... 0.5 mV 
LOAD REGULATION (AIl - 50 mA). . . 1.5 mV 

Note: R3 “ * or temperature drift 

92CS-24I78 



REGULATED OUTPUT VOLTAGE ... 15 V 

LINE REGULATION (AV|» 3 V) .... 1.5 mV 
LOAD REGULATION (AIl- 50 mA) . . 4.5 mV 


Note: R3 “ for minimum temperature drift 

R3 may be eliminated for minimum component count. 

92CS-24I79 


Fig.23 — Low-voltage regulator circuit (Vq = 2 to 7 volts). Fig.24 — High-voltage regulator circuit (Vq - 7 to 37 volts). 



REGULATED OUTPUT VOLTAGE ... -15 V 
LINE REGULATION (AV| - 3 V) .... 1 mV 

LOAD REGULATION (AIl- 100mA) . . 2 mV 

Note: For applications employing the TO -5 style package 
and where Vz is required, an external 6.2-volt 
zener diode should be connected in series with 
Vq (Terminal 6). 



REGULATED OUTPUT VOLTAGE ... 15 V 
LINE REGULATION (AV|- 3 V) .... 1.5 mV 
LOAD REGULATION (AIl-1 A). ... 15 mV 


92CS-24I80 


92CS-24I8I 


Fig.25 — Negative-voltage-regulator circuit. 


Fig.26 - Positive-voltage-regulator circuit 

(with external n-p-n pass transistor). 





TYPICAL APPLICATION CIRCUITS (Cont'd) 


CA723T, CA723CT 
CA723E, CA723CE 


.File No. 788 



REGULATED OUTPUT VOLTAGE ... 5 V 

LINE REGULATION (AV| « 3 V) .... 0.5 mV 
LOAD REGULATION (Alfl A). ... 5 mV 


92CS-24I82 

Fig.27 — Positive voltage-regulator circuit 

(with external p-n-p pass transistor). 



CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE . . . 6 V 

LINE REGULATION (A V|- 3 V) . ... 0.5 mV 
LOAD REGULATION (Alt * 10 mA). . . 1 mV 

SHORT-CIRCUIT CURRENT 20 mA 


92CS-24I83 

Fig.28 - Foldback current-limiting circuit. 



package and where Vz is required, an ex- 
ternal 6.2-volt zener diode should be con- 
nected in series with Vo (Terminal 6). 

CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE ... 50 V 
LINE REGULATION (AV| - 20 V} ... 15 mV 
LOAD REGULATION (Alf 50 mA). . . 20 mV 

92CS-24I84 



CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE . . . -100 V 
LINE REGULATION (AV|> 20 V) ... 30 mV 

LOAD REGULATION (Alf 100 mA) . . 20 mV 


Note: For applications employing the TO-5 style 
package and where Vz is required, an ex- 
ternal 6.2-volt zener diode should be con- 
nected in series with Vo (Terminal 6). 

92CS-24I85 


Fig.29 — Positive-floating regulator circuit. 


Fig.30 - Negative-floating regulator circuit. 


74 





File No. 788 


CA723T, CA723CT 
CA723E, CA723CE 


TYPICAL APPLICATION CIRCUITS (Cont'd) 



CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE ... 5 V 

LINE REGULATION (AV| = 3 V) .... 0.5 mV 
LOAD REGULATION (Al|_ = 50 mA). . . 1.5 mV 

Note 1: A current limiting transistor may be used for 
shutdown if current limiting is not required. 

Note 2: Add a diode if Vo > 10 V. 

92CS- 24186 



REGULATED OUTPUT VOLTAGE ... 5 V 

LINE REGULATION (AV| = 10 V) ... 0.5 mV 
LOAD REGULATION (AlL= 100 mA) . . 1.5 mV 
Note: For applications employing the TO-5 style package 
and where Vz is required, an external 6.2-volt 
zener diode should be connected in series with 
Vo (Terminal 6). 

92CS- 24 18 7 


Fig.31 — Remote shutdown regulator circuit with current limiting. 


Fig.32 — Shunt regulator circuit. 



92CS-24I96 


Fig. 33 — Resistance network for 
adjustable output voltage. 


EQUATIONS FOR DERIVING INTERMEDIATE OUTPUT VOLTAGES AND CURRENT LIMITING 


1. Output Voltages from 2 to 7 Volts 

Use circuits with Fig, Nos. 21, 25, 26, 30, 

(24 — See Note 1) 
R2 

Vo = VREFX ST^ 

2. Output Voltages from 7 to 37 Volts 

Use circuits with Fig. Nos. 22, 24, 

(25, 26. 30 -See Note 1) 
R1+R2 

Vo = VREF * R2 “ 


3. Output Voltages from 4 to 250 Volts 
Use circuit with Fig. No. 27 

Vref R2-R1 
V 0 =— 2 


R1 ' 


R3 = R4 


4. Output Voltages from —6 to —250 Volts 
Use circuits with Fig. Nos. 23 and 28 

VREF R1+R2 

v 0 = — 


R1 


R3 = R4 


5. Current Limiting 


lLIMIT = 


VSENSE 

Rscp 


6. Foldback Current Limiting 

V 0 R3 VsENSE {R3+R4) 

'KNEE + 

RSCP R 4 RSCPR4 

VSENSE R3+R4 


«SHORTCKT = 


RSCP 


R4 
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CA723T, CA723CT 

CA723E, CA723CE 

RESISTANCE VALUES (Resistors R1, R2, and Potentiometer PI) FOR STANDARD OUTPUT VOLTAGES 


Positive 

Output 

Voltage 

Applicable 

Circuit 

Fig. No. 
(Note 1) 

Fixed Output 
Resistance 

±5% 

Adjustable 
Output 
Resistance 
±10% (Note 2) 

Negative 

Output 

Voltage 

Applicable 

Circuit 

Fig. No. 
(Note 1) 

Fixed Output 
Resistance 

±5% 

5% Adjustable 
Output 
Resistance 
±10% 



R1 

R2 

R1 

R2 

PI 



R1 

R2 

R1 

R2 

Ell 

+V 


k ft 

k n 

kn 

kn 

kn 

-V 


kn 

kn 

kn 

kfi 

■55J 1 

3.0 

23, 27, 28 
32, (26) 

4.12 

3.01 

1.8 

1.2 

0.5 








3.6 

23, 27, 28 
32, (26) 

3.57 

3.65 

1.5 

1.5 

0.5 








5.0 

23, 27, 28, 
32, (26) 

2.15 

4.99 

0.75 

2.2 

0.5 








6.0 

23, 27, 28, 

1.15 

6.04 

0.5 

2.7 

0.5 

-6.0 

25 

3.57 

2.43 

1.2 

0.75 

0.5 


32, (26) 






(Note 3) 







9.0 

24, 26 
(27, 28, 

1.87 

7.15 

0.75 

2.7 

1.0 

-9.0 

25 

.3.48 

5.36 

1.2 

2.0 

0.5 


32) 













12 

24, 26, 

(27, 28, 

32) 

4.87 

7.15 

2.0 

3.0 

1.0 

-12 

25 

3.57 

8.45 

1.2 

3.3 

0.5 

15 

24, 26, 

(27, 28, 

32) 

7.87 

7.15 

3.3 

3.0 

1.0 

-15 

25 

3.65 

11.5 

1.2 

4.3 

0.5 

28 

24, 26, 

(27, 28, 

32) 

21.0 

7.15 

5.6 

2.0 

1.0 

-28 

25 

3.57 

24.3 

1.2 

10 

0.5 

45 

29 

3.57 

48.7 

2.2 

39 

10 

-45 

30 

3.57 

41.2 

2.2 

33 

10 

75 

29 

3.57 

78.7 

2.2 

68 

10 








100 

29 

3.57 

102 

2.2 

91 

10 

-100 

30 

3.57 

97.6 

2.2 

91 

10 

250 

29 

3.57 

255 

2.2 

240 

10 

-250 

30 

3.57 

249 

2.2 

240 

10 


Note 1 — Circuits whose Fig. Nos. are shown in parentheses may be used if divider network R1 — R2 is placed on opposite side 
of Error Amplifier. 

Note 2 — Use the divider network shown in Fig. 31 in place of the R1 — R2 network. 

Note 3 — A supply voltage of 3 V or greater must be applied to V + . 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA741, CA741C, CA747, CA747C, 
CA748, CA748C, CA1458, CA1558 
Types 



Operational Amplifiers 

High-Gain Single and Dual Operational Amplifiers 
For Military, Industrial and Commercial Applications 

Applications: 

■ Comparator 

■ DC amplifier 

■ Integrator or differentiator 

■ Multivibrator 

■ Narrow-band or band-pass filter 

■ Summing amplifier 

Features: 

■ Input bias current (all types): 500 nA max. 

■ Input offset current (all types): 200 nA max. 


RCA-CA1458, CA1558 (dual types); CA741C,CA741 (single- 
types); CA747C, CA747 (dual types); and CA748C, CA748 
(single types) are general-purpose, high-gain operational ampli- 
fiers for use in military, industrial, and commercial applications. 

These monolithic silicon integrated-circuit devices provide 
output short-circuit protection and latch-free operation. These 
types also feature wide common-mode and differential-mode 
signal ranges and have low-offset voltage nulling capability 
when used with an appropriately valued potentiometer. A 
5-megohm potentiometer is used for offset nulling types. 

CA748C, CA748 (See Fig. 9); a 10-kilohm potentiometer is 
used for offset nulling types CA741C, CA741, CA747CE, 

CA747E (See Fig. 8); and types CA1458, CA1558, 

CA747CT, CA747T have no specific terminals for offset 
nulling. Each type consists of a differential-input amplifier 
that effectively drives a gain and level-shifting stage having a 
complementary emitter-follower output. 

ORDERING INFORMATION 

When ordering any of these types, it is important that the to the type number. For example: If a CA1458 in a TO-5 
appropriate suffix letter for the package required be affixed package is desired, order CA1458T. 


RCA 

Type 

No. 

No. 

of 

Ampl. 

Phase 

Comp. 

Offset 

Voltage 

Null 

Min. 

a OL 

Max. 

V| 0 

(mV) 

Operating- 
Temperature 
Range (°C) 

Package Type and Suffix Letter 

TO-5 

Ml 

Chip 

IPS 

E39 

U19 

DIL-CAN 

m 

EOS 

CA1458 

dual 

int. 

no 

w. 

6 

0 to +70 

T 


S 

E 


H 

■ 

ESMM 

BEQBB 

int. 

no 

BHiiS 

5 


T 


S 




Bi 

Essaa 

bszhib 

int. 

yes 

mnvm 

6 


T 


S 

E 


H 

■Bfli 

mmm 

BESHEB 

Bi 

yes 

BB 

5 


T 


S 




BOB 

E220I 


int. 

yes* 

BB 

6 ■ 

0 to +70 


T 



E 

H 

■ 

K 22ZJ® 

KB 

int. 

yes* 

BB 

5 

-55 to +125 


T 



E 


B 

E22E 3 


ext. 

yes 

H 

6 

0 to +70 

T 


S 

■a 


H 

■ 

EEHEI 

KESESi 

ext. 

yes 

ESS 

5 

-55 to +125 

T 


S 

_ 



■Bi 


*ln the 14-lead dual-in-line plastic package only. 


This operational amplifier line also offers the circuit designer 
the option of operation with internal or external phase com- 
pensation. Types CA748C and CA748, which are externally 
phase compensated (terminals 1 and 8) permit a choice of 
operation for improved bandwidth and slew-rate capabilities. 
Unity gain with externa, phase compensation can be obtained 
with a single 30-pF capacitor. All the other types are 
internally phase-compensated. 

RCA's manufacturing process makes it possible to produce 1C 
operational amplifiers with low-burst ("popcorn") noise charac- 
teristics. Type CA6741, a low-noise version of the CA741, 
gives limit specifications for burst noise in the data bulletin. 
File No. 530. Contact your RCA Sales Representative for 
information pertinent to ether operational amplifier types 
that meet low-burst noise specifications. 
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CA741, CA747, CA748, CA1458, CA1558 


File No. 531 


ELECTRICAL CHARACTERISTICS 
For Equipment Design 


LIMITS 


Characteristics 

.Symbols 

Input Offset Voltage 

vio 

Input Offset Current 

Iio 

Input Bias Current 

*IB 

Input Resistance 

R I 

Open-Loop 

Differential 

Voltage Gain 

AOL 

Common- Mode Input 
Voltage Range 

VlCR 

Common-Mode 

Rejection Ratio 

69 

Supply Voltage 

Rejection Ratio 


Output Voltage 

Swing 

V 0 (PP) 

Supply Current 

■ 

Device Dissipation 

Pd 



^Values apply for each section of the dual amplifiers. 
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CA741 , CA747, CA748, CA1458, CA1558 


ELECTRICAL CHARACTERISTICS 

Typical Values Intended Only for Design Guidance 


Characteristics 

Symbols 

Test Conditions 

Supply Volts: V + = 15. V" = 15 

LIMITS 

Units 

CA741C 

CA747C* 

CA748C* 

CA1458 

CA741 

CA747* 

CA748* 

CA1558 

Input Capacitance 

Cl 


1.4 

1.4 

pF 

Offset Voltage Adjust- 
ment Range 



±15 

±15 

Q 

Output Resistance 

Ro 


75 

75 

n 

Output Short-Circuit 

Current 



25 

25 

mA 

Transient Response 

Risetime 

m 

Unity Gain 

V| = 20 mV 

0.3 

0.3 

m 

Overshoot 


R L = 2 kSl 

Cl < 100 pF 

5.0 

5.0 

m 

Slew Rate: 

Closed Loop 

SR 

R|_ > 2 kft 

0.5 

0.5 

V/ps 

Open Loop* 

40 

40 


A Opan-loop daw rata applies only for types CA748C and CA748. 
^Values apply for each section of the dual amplifiers. 


MAXIMUM RATINGS, Absolute-Maximum Values at T/\ = 25°C 

DC Supply Voltage (between V + and V - terminals): 

CA741C, CA747C a , CA748C, CA1458 a 36 V 

CA741, CA747 a , CA748, CA1558 a 44 V 

Differential Input Voltage ±30 V 

DC Input Voltage* ±15 V 

Output Short-Circuit Duration Indefinite 

Device Dissipation: 

Up to 70°C (CA741C, CA748C) 500 mW 

Up to 75°C (CA741, CA748) 500 mW 

Up to 30°C (CA747) 800 mW 

Up to 25°C (CA747C) 800 mW 

Up to 30°C (CA1558) 680 mW 

Up to 25°C (CA1458) 680 mW 

For Temperatures Indicated Above Derate linearly 6.67 mW/°C 

Voltage between Offset Null and V~ (CA741C, CA741, CA747CE) ±0.5 V 

Ambient Temperature Range: 

Operating - CA741 , CA747E, CA748, CA 1 558 -55 to +1 25 °C 

CA741C. CA747C, CA748C, CA1458 0 to +70 OC 

Storage _ 65 to +1 50 q c 

Lead Temperature (During Soldering): 

At distance 1 /16±1/32 inch (1 .59±0.79 mm) from case for 10 seconds max 265°C 


A Voltage values apply for each of the dual operational amplifiers. 
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CA741, CA747, CA748, CA1458, CA1558 
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TOP VIEW 



NOTE : PIN 4 IS CONNECTED TO CASE 


TOP VIEW 



92CS- I9427RI 


PHASE T0P VIEW 

COMPENSATION 



NOTE : PIN 4 IS CONNECTED TO CASE 

92CS- 19428 


92CS- 19426 

la. - CA741CS, CA741CT, CA741S, & 
CA741T with internal phase 
compensation. 


1b. - CA747CT and CA747T with 
internal phase compensation. 


1c. - CA748CS. CA748CT. CA748S. 
and CA748T with external 
phase compensation. 


TOP VIEW 
INV. 



92CS-I9430 


Id. - CA1458S, CA14S8T. CA1558S, 
and CA1S58T with internal 
phase compensation. 



92CS-2SOI4 

1e. - CA741CE with internal phase 
compensation. 


TOP VIEW 



If. - CA747CE and CA747E with 
internal phase compensation. 



92CS-23999 


Ig. - CA748CE with external phase 
compensation. 



92CS- 25015 

1h. - CA1458E with internal phase 
compensation. 


Fig. 1 - Functional diagrams. 
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CA741, CA747, CA748, CA1458, CA1558 


File No. 531 



Fig.2— Schematic diagram of operational amplifier with external phase compensation for CA748C and CA748. 



Fig.3— Schematic diagram of operational amplifiers with internal phase compensation for CA741Cand CA741 and for each 
amplifier of the CA747C, CA747, CA 1458, and CA 1558. 
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CA741, CA747, CA748, CA1458, CA1558. 


File No. 531 



92CS-I5744RI 

Fig 4 — Open-loop voltage gain vs. supply voltage for all types 
except CA748and CA748C. 



DC SUPPLY VOLTS (V+.V) 

92CS-I762IRI 

Fig 6 — Common-mode input voltage range vs. supply voltage 
for all types. 



Fig 5 - Open-loop voltage gain vs. frequency for all types 
except CA 748 and CA748C 



92CS— I7622RI 

Fig 7 - Peak-to-peak output voltage vs. supply voltage for all 
types except CA748and CA748C. 



Fig 8 - Output voltage vs. transient response time 
for CA741 C and CA741. 
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CA741, CA747, CA748, CA1458, CA1558 


INVERTING 



Fig 9 — Voltage-offset null circuit for 
CA741C, CA741. CA747CE 
and CA747E. 




Fig. 10— Voltage-offset null circuit 
for CA748C and CA748. 


92CS-I5746 


Fig. 11 — Transient response test 
circuit for all types. 
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mb m 

Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA758E 



RC Phase-Lock-Loop 
Stereo Decoder 

For FM Multiplex Systems 
Features: 

■ Low distortion (THD): 0.4% (typ.) 

■ Excellent SC A rejection: 70 dB typ. 

■ RC oscillator 

■ High-audio-channel separation: 45 dB 

■ Power supply range: 10 to 16 V dc 

■ Requires only one adjustment for complete alignment 

■ Low-impedance outputs 

■ Stereo indicator lamp drive: 150 mA typ. 


RCA-CA758E is a monolithic silicon integrated circuit RC 
phase-lock loop stereo decoder intended for FM solid-state 
stereo multiplex systems. 

The CA758E is pin compatible and electrically equivalent to 
industry types juA758, MC1311P, LM1800, and ULX2244. 

The CA758E decodes the multiplexed stereo input signal intp 
left and right channel audio output signals. The decoder also 
suppresses SCA (storecast) transmissions when present in the 
composite stereo signal. 


The decoder uses a minimum of external components, and 
requires one adjustment (oscillator frequency) for complete 
alignment. In addition, the CA758E provides automatic mono- 
stereo mode switching and energizes a stereo indicator lamp. 
The CA758E is supplied in a 16-lead dual-in-line plastic 
package and operates over an ambient temperature range of 
-40 to +85°C. 



Fig. 1 - Functional block diagram of the CA758E. 
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CA758E 


MAXIMUM RATINGS, Absolute-Maximum Values at T A =25°C 

DC Supply Voltage +18 V 

DC Supply Voltage (for 15-second period) +22 V 

DC Voltage at Term. 7 (Lamp Driver Circuit with Lamp "OFF") . . +22 V 

Device Dissipation: 

Up to T a = 70°C 730 mW 

Above T a = 70°C derate linearly 9.1 mW/°C 

Ambient Temperature Range: 

Operating —40 to +85°C 

Storage —65 to +150°C 

Lead Temperature (During soldering): 

At a distance not less than 1/32" (0.79 mm) 

from case for 1 0 s max +265°C 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

(Referenced to Fig. 3 unless otherwise specified) 

LIMITS 

UNITS 

V + = 12 V,T a = 25°C 

Multiplex Input Signal (L=R, pilot "OFF") 

= 300 mV RMS 

19-kHz Pilot Level = 30 mV RMS 
f (modulation) =» 400 Hz or 1 kHz 

Min. | Typ. | Max. 

Static Characteristics f 

Total Current 

Lamp "OFF" 

- 

26 

35 

mA 

Maximum Available Lamp Current 


75 

150 

- 

mA 

DC Voltage at Term. 7 (Lamp Driver) 

1 (Lamp) = 50 mA 

- 

1.3 

1.8 

V 

DC Voltage Shift at either Term. 4 
or 5 (Output) 

Stereo-to-Mono Operation 

_ 

30 

150 

mV 


Power Supply Ripple Rejection 

For a 200-Hz, 200-mV RMS Signal 

35 

45 

- 

dB 

Input Resistance 


20 

35 

- 

kn 

Output Resistance 


0.9 

1.3 

2.0 


Channel Separation (Stereo) 

At f = 100 Hz 

- 

40 

- 

dB 

f = 400 Hz 

30 

45 

- 

dB 

f= 10kHz 

_ 

45 

_ 

dB 

Channel Balance (Monaural) 


- 

0.3 

1.5 

dB 

Voltage Gain 

At f = 1 kHz 

0.5 

0.9 

1.4 

BOB 

Pilot Input Level: 

19-kHz Input 

Lamp "ON" 


15 

20 

mV RMS 

19-kHz Input 

Lamp "OFF" 

2.0 

7.0 

- 


Hysteresis 

Lamp "OFF" 

3.0 

7.0 

- 

dB 

Capture Range (Deviation from 

76-kHz Center Frequency) 



±4.0 

±6.0 

% 

Total Harmonic Distortion 

Multiplex Input Signal = 600 mV RMS 
(Pilot "OFF") 

- 

0.4 

1.0 

% 

19-kHz Rejection 


25 

35 

- 

dB 

38-kHz Rejection 


25 

45 

- 

dB 

SCA (Storecast) Rejection 

Measured Composite Signal: 80% Stereo. 

10% Pilot, 10% SCA 

- 

70 

- 

dB 

Voltage-Controlled Oscillator (VCO) 
Tuning Resistance 

Total Resistance (Term. 15 to 8) 

required to set 

f REF = 19 kHz ±10 Hz (Term. 11) 

21.0 

23.3 

25.5 

kH 

Voltage-Controlled Oscillator 

Frequency Drift 

0°<T A <25°C 

- 

+0.1 

±2 

% 

25°<T A <70°C 

- 

-0.4 

±2 

% 
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CA758E 




Fig. 3 — Test circuit for measurement of dynamic characteristics. 


NOTES: 

Tolerance on resistors is ±5% 
and tolerance on capacitors is 
± 20% unless otherwise specified. 
C, =+100%, -20% 

Cg = ± 1% in test circuit and 

±5% in typical application* 
R 3 = ±1% 

R 4 = ± 10% 

Rl and R 3 = ± 1% in test cir- 
cuit and ±5% in typical 
application. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Referenced to Fig. 3) 


50 DC SUPPLY VOLTAGE (V + )* 12 V 

AMBIENT TEMPERATURE (T A )*25 # C 

40 



\ 



1 'X v 

< 30 H 

8 \*A 



mmi 

■■min 


■H|j| 

■■linn 

mi j 

mail 

■iiiiiii 

■in 


DC SUPPLY VOLTAGE ( V*)- 12 V 
AMBIENT TEMPERATURE (T A )*25*C 'I 
FREQUENCY t f ) * I kHz -- 


INPUT SIGNAL 

PILOT VOLTAGE* 30 mV RMS 
MULTIPLEX SIGNAL VOLTAGE 

( L« I ,R»0 .PILOT OFF)* 150 mV RMS 










Preliminary 


□UCM] 

Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA810Q 

Preliminary Data CA810QM 



7-Watt Audio Power Amplifier 
With Thermal Shut-Down 

Features 

■ Power output — 7 W with 4£2 load 

■ Supply voltage range — 4 to 20 V 

■ Peak output current — 2.5 A (max.) 

■ Very low harmonic and cross-over distortion 


The RCA-CA810Q and CA810QM are monolithic audio 
amplifiers intended for class B operation. They are specifically 
designed for mobile equipment operating from 12-V battery 
supplies. They operate over a wide range of supply voltages 
(4 to 20 V) with very low harmonic and crossover distortion. 
The maximum repetitive peak output current is 2.5 A, and an 
integral thermal limiting circuit shuts the device down in 
case of output overload or excessive package temperature. 

The CA810Q and CA810QM are supplied in modified 16-lead 
quad-in-line plastic packages ("Q" suffix) with integral wing- 
tab heat sinks. The tabs on the CA810Q are bent down for p.c. 
board insertion, and on the CA810QM they are flat and pierced 
for easy attachment to an external heat sink. 

The CA810Q and CA810QM are electrically and mechanically 
equivalent to types TBA810S and TBA810AS, respectively. It 
should be noted that pin-numbering conventions for these 
devices may differ from manufacturer to manufacturer, 
however the devices are pin compatible and interchangeability 
is not affected. 


MAXIMUM RATINGS, Absolute Maximum Values 


at T a = 25° C 

SUPPLY VOLTAGE 20 V 

PEAK OUTPUT CURRENT 

(non-repetitive) 3.5 A 

PEAK OUTPUT CURRENT (repetitive) 2.5 A 

DEVICE DISSIPATION: 

At T a = 70°C 1 W 

AtT tab = 100 ° C 5W 

AMBIENT TEMPERATURE RANGE: 

Operating — 40°C to (Refer to Fig. 7 for 

typical high-temperature limit) 

Storage -40 to +150°C 

THERMAL RESISTANCE: CA810Q CA810QM 

Junction to tab 12 10 °C/W 

Junction to ambient 70* 80 °C/W 


•Value obtained with tabs soldered to printed-circuit board 



92CS-24I3I 


Fig. 1 — Terminal diagram of CA810Q and CA810QM. The wing tabs on 
the CA810Q are bent down, and on the CA810QM they are flat 
and pierced. 
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CA810Q, CA810QM 


Preliminary 


ELECTRICAL CHARACTERISTICS, at T A = 25° C 


TEST CONDITIONS 


CHARACTERISTIC 


Supply Voltage 


Input Voltage 


Input Sensitivity 


Quiescent Output Voltage 


Quiescent Current Drain 


Input Noise Voltage 


Output Power 


Input Resistance 


Total Harmonic Distortion 


Open- Loop Voltage Gain 


Closed-Loop Voltage Gain 


Efficiency 


SYMBOL Supply Voltage (V + ) = 14.4 V 
Unless Otherwise Specified 




P 0 =6 W, R l =4 fi, R1 = 56 ft, f = 1 kHz 




f=1 kHz, R l =4£2, THD= 10% 


P o =50 mW to 3W, R L 4 £2, f = 1 kHz 


Rl - 4 ■ 

R L = 4J2, f = 1 kHz, R1 =5612 


P 0 = 5W. R L = 4ft,f = 1 kHz 


























































Preliminary 


CA$10Q, CA810QM 


v+ 



Fig. 3 — Test and circuit application for the CA810Q and CA810QM. 



92CS-25042 


Fig. 4 — Bottom view of printed-circuit boards 
shown in Figs. 5 and 6. 



Circuit heat is dissipated by a combination of free air 
and printed-circuit board foil. 


Fig. 5 - Component view of printed-circuit board for CA810Q. 



Circuit arrangement for use with chassis having a thermal 
resistance of < 5°C/W. Vertical bracket should make 
good thermal contact to chassis. 


Fig. 6 — Component view of printed-circuit board for CA810QM. 
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CA810Q, CA810QM Preliminary 

The thermal-limiting network incorporated in the CA810 Series temperatures and/or excessive dissipation, e.g., as encountered 
circuits provides protection against damage due to excessive in sustained overloads. As indicated in Fig. 7, the thermal- 
semiconductor temperatures that may result from high ambient limiting feature automatically reduces the supply current (and 

output power) at the higher temperatures. 



92CS- 25043 

Fig. 7 — Typical output power and drain current vs. case temperature. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA1310E 



14-Lead Dual-in-Line 

Plastic Package H -1 5 1 7 


RC Phase-Lock-Loop 
Stereo Decoder 

For FM Multiplex Systems 
Features: 

■ Low distortion (THD): 0.3% typ. 

■ Excellent SCA (storecast) rejection: 75 dB typ. 

■ RC oscillator 

■ High audio channel separation: 40 dB 

■ Operates from a wide range of power supplies: 8to14Vdc 

■ Requires only one adjustment for complete alignment 

■ Drives a stereo indicator lamp up to 75 mA — 
surge current limiting 


RCA-CA1310E is a monolithic silicon integrated circuit RC 
phase-lock-loop stereo decoder intended for FM solid-state 
stereo multiplex systems. 

The CA1310E is a direct replacement for industry types 
MC1310P, LM1310, and SN761 15N. 

This decoder uses a minimum of external components. In 
addition the stereo decoder requires only one adjustment 
(oscillator frequency) for complete alignment. 

The CA1310E is supplied in a 14-lead dual-in-line plastic 
package and operates over an ambient temperature range of 
-40 to +85°C. 


MAXIMUM RATINGS, Absolute-Maximum Values 


at T A = 25°C 

DC Supply Voltage 14V 

Current (Lamp) at Term. 6 75 mA 

Device Dissipation: 

Up to T A = 25°C 625 mW 

Above T A = 25°C derate linearly 5 mW/°C 

Ambient Temperature Range: 

Operating —40 to +85°C 

Storage —65 to +150°C 

Lead Temperature (During soldering): 

At distance not less than 1/32" (0.79 mm) 

from case for 10 s max +265°C 


19 kHz 



Fig. 1 — Functional block diagram system using the CA1310E. 


92CS- 23500 
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detector] to phase -lock 
LLNPUT jl loop filter 
AMPLIFIER \ / \ 

OUTPUT X t i 


TO OSCILLATOR 
\ TUNING 
' CIRCUIT 


Q22 I 1 023^, 


* 

1 1 
J^Qie 1 

<RI7 

<3.52 

1 fc 

-LI 

7 

18 

5k 

Q20 



R2I 

19 k 

Q24 

R26 

2.3 k | 

J — WV-i 

A R25 , 

1 k 

-< 

027 

02^1 j 

hSi 

650< t—r 






' 




R22 R23 

19 fc 2.3 k 



RESISTANCE VALUES ARE IN OHMS 


Fig. 2 — Schematic diagram of the CA 1310E. 
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ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS (Referenced to Fig. 3) 

LIMITS 

UNITS 

V + = 12 V T a = 25°C 

Composite Multiplex Input Signal = 

560 mV RMS (2.8 V p-p) 

Only L or R Channel modulated; and 
with 100-mV RMS (10%) Pilot Level 

Min. 

Typ. 

135 

Static Characteristics ; 

DC Supply Voltage 

For 8-V operation, reduce load to 2.7 kJ2 

8 


m 

V 

Total Current 

Lamp "OFF" 

- 

O 

- 

mA 

Dynamic Characteristics ] 

Input Impedance 


20 


- 

kSl 

Channel Separation (Stereo) 

50 Hz -15 kHz 

30 

o 

- 

dB 

Audio Output Voltage (For any 
one channel) 


- 

485 

B 

mV RMS 

Channel Balance 
(Monaural) 

Pilot Tone "OFF" 

- 

B 

B 

dB 

Capture Range (Permissible tuning 
error of internal oscillator) 


- 

±3.5 

- 

BB 

Total Harmonic Distortion 


- 


- 

% 

Ultrasonic Frequency Rejection: 

19 kHz 




B 

dB 

38 kHz 


- 

msm 

- 

dB 

SCA (Storecast) Rejection 

f = 67 kHz, 9-kHz beat note measured 
with 1 -kHz modulation "OFF" 

- 

75 

B 

dB 

Stereo Switch Level : 

19-kHz Input Level (For lamp on) 


_ 

_ 

Bi 

mV RMS 

19-kHz Input Level (For lamp off) 


5 

- 

- 


Maximum Composite (Stereo) Input 

0.5% THD 

2.8 

- 

- 

Vp-p 

Maximum Monaural Input 

1% THD 

2.8 

- 

- 

Vp-p 
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CAPACITANCE VALUES ARE IN MICROFARADS. 
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NOTES 

A buffered 3-volt positive-going square wave is available at Term. 10. 

The alignment of the free-running oscillator frequency may be checked 

at this point with a frequency counter. 

Cl: A lower value input coupling capacitor may be used in place of 
the 2-/iF value if reduced separation at low frequencies is acceptable. 

C4: The time constant for the stereo switch level detector circuit is 
calculated by C4 x 53,000 ohms ±30% with a maximum dc 
voltage drop across C4 of 0.25 volt (Term. 8 positive) and a 
pilot level voltage of 100 mV RMS. Signal voltage across C4 
is negligible. 

C5: The recommended 0.05-/iF capacitor provides a 1.75° phase 
lead at 19 kHz. 

R1, R2: Load resistance values are related to supply voltage as follows: 

Minimum Supply Voltage 8 10 12 V 

Maximum Load Resistance 2.7 4.3 6.2 k£2 

R3, C6, C8: C8 may be omitted, R3 = 100 ohms and C6 = 0.25 /iF, 
if relaxed circuit performance is acceptable. 

R4, R5, C7: If a capture range greater than ±3% typ. is required, 
reduce value of C7 and increase values of R4, R5 pro- 
portionally. However, beat-note distortion is increased 
at high signal levels because of oscillator-phase jitter. 
R4, C7 = ±1% in test circuit and ±5% in typical application. 


Fig. 3 — Test circuit for measurement of dynamic characteristics. 




Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 


Preliminary Data 


CA1352E 



14-Lead Dual-ln-Line 
Plastic Package 

H-1517 


TV Video Amplifier 

With AGC and Keyer Circuit 


Features 

■ High 45-MHz gain — 53 dB (typ.) 

■ High-gain gated AGC system — with either positive- or 
negative-going sync. 

■ Adjustable rf AGC delay to tuner 

■ AGC gain reduction — 68 dB (typ.) 


The RCA-CA1352E is a monolithic integrated circuit designed for 
use as an if amplifier in monochrome or color TV receivers. It 
features a high-gain gated AGC system with a 68-dB range 
(typ.). A delayed forward AGC output is adjustable by means 
of a potentiometer. Either positive- or negative-going sync may 
be used for this system. 

MAXIMUM RATINGS, Absolute-Maximum Values 
At T a = 25 


The CA1352E is supplied in the 14-lead dual-in-line plastic 
package, and is directly interchangeable with the industry type 
1352 in similar packages. 

TYPICAL STATIC CHARACTERISTICS 
at T A = 25°C, V + = 1 2 V 


Total Current (l 7 + Ig + I'n) 27 mA 

Output Stage Current (I7 + Ig) 5.7 mA 


SUPPLY VOLTAGE: 

Between terminals 4 and 11 
Between terminals 7 or 8 and 4 


18 V 
18 V 


TYPICAL DYNAMIC CHARACTERISTICS 
at T A = 25°C, V + = 12 V 


INPUT VOLTAGE (terminal 1 or 2) 10 V p-p 

AGC INPUT VOLTAGE (terminal 6 or 10) 6 V 

DEVICE DISSIPATION: 

Up to T A = 55° C 750 mW 

Above T a = 55°C derate linearly at 7.9 mW/°C 

AMBIENT TEMPERATURE RANGE: 


AGC Range 68 dB 

Power Gain 53 dB 

Minimum rf AGC Range (term. 12) 0.2 V 

Maximum rf AGC Range (term. 12) 7 V 


Operating -40 to +85 C 

Storage -65 to +150°C 



OUTPUT 
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nu(M] 

Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA1398E 


Television Chroma Processor 


Features 

■ Minimum number of external components required 

■ Injection-lock oscillator with internal feedback 

■ DC chroma gain control and hue control circuits 

■ Low-impedance internal voltage regulation 


RCA-CA1398E is a monolithic silicon integrated-circuit chroma 
processor containing chroma-amplifier and gain-control, color- 
killer. color subcarrier oscillator, hue control, and ACC circuitry. 
It has been designed for interchangeability with other "1398"- 
type chroma-processor devices. It functions compatibly with 
the RCA-CA3125E Chroma Demodulator as well as other com- 
mercially available chroma demodulators in color-TV receivers. 
Fig. 2 shows a functional block diagram of a 2-package TV 
chroma system incorporating the CA1398E and CA3125E. The 
CA1398E is supplied in a 14-lead dual-in-line plastic package. 


Maximum Ratings, Absolute-Maximum Values at T A = 25° C 


Peak Horizontal-Pulse Input Current 250 pA 

Supply Current (Terminal 14) 35 mA 

Ambient Temperature Range: 

Operating —40 to +85°C 

Storage — 65to+150°C 

Lead Temperature (During Soldering) : 

At distance 1/16" ± 1/32" (1.59 ±0.79 mm) 

from case for 10 s max 265 C 
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CA1398E 


ELECTRICAL CHARACTERISTICS at T A * 25° C and Referenced to Test Circuit (Fig. 4) 



TERMINAL 

TEST CONDITIONS 

LIMITS 



MEASURED 

SWITCH 

CONTROL SETTING 







CHARACTERISTIC 

AND 

SYMBOL 

POSITION 

(SI) 

CHROMAj HUE jKILLER 

V BURST 
mV p-p 

v CHROMA 
mV p-p 

MIN. 

TYP. 

MAX. 

UNITS 


Static Characteristics 


Regulated Supply Voltage 

V14 

2 

max. 

max. 

max. 

0 

0 

8.9 

9.5 

11.5 

V 

Chroma Output Bias 

V 14 to V 2 

2 

max. 

max. 

max. 

6 

0 

1.2 

2.4 

3.6 

V 

Regulator Impedance 

See Note 1 

2 

max. 

max. 

max. 

0 

0 

- 

12 

25 

ft 


Dynamic Characteristics (Refer to Test Set-Up Procedure for Oscillator) 


Max. Chroma Gain 

V 2 

1 

max. 

max. 

See Note 2 

6 

5 

310 

ES3 

- 

mV p-p 

Min. Chroma Gain 

V 2 

1 


U222I 



6 

5 

- 

- 

7 


ACC Action 

V 2 (dB up 
from gain test) 

1 

E 

max. 

50 

50 

D 

B 

■ 

dB 


V 2 

2 


gg 

0 

5 

_ 

_ •' 

7 

mV p-p 


V 2 

1 



15 

5 


- 




Vl3 

1 

BIB 


6 

0 

mi 

H 


189311 

_ L / Referenced \ 

Phase ( . _ J 

\to burst / 


1 


max. 

6 

0 




E 

Hue Control Range: 

Voltage 

Vl3 

1 

max. 

19 

6 

0 





/ Referenced \ 
Phase ( . ^ ) 

V to burst / 

013 

1 

max. 

min. 

6 

0 

95 

110 

140 

degrees 


Note 1 — Measure at I SUPPLY = 3® mA and mA Calculate the regulator impedance: 
z r e g. = fVi4 (at 38 mAI-V^ (at I 8 mA)] /0.02 

Note 2 — Increase the killer potentiometer resistance from minimum until the circuit unkills. This condition is evidenced by a shift in bias voltage at Term. 2 
Maintain this potentiometer setting for all the dynamic tests. 



Fig. 2 — TV chroma system functional block diagram. 
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CA1398E 



Fig. 3 — Schematic diagram of the CA 1398E. 


TEST SET-UP PROCEDURE FOR OSCILLATOR 

Remove the horizontal keying and chroma inputs and adjust 
C)( to obtain a free-running oscillator frequency of 3.579545 


MHz ±10 Hz. Under the same Test Conditions described in the 
Electrical Characteristics Chart for Oscillator Lock-Up, vary LI 
(approx. 20 fiH) and/or Cl (approx. 1000 pF) to obtain the 
initial conditions for amplitude and phase oscillator lock-up. 


V+.20 v 




Fig. 4 — Typical static and dynamic characteristics test circuit for the CA 1398E. 
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DUQBZ7D Linear Integrated Circuits 

Solid State Monolithic Silicon 

Division 

CA1541D 



Dual-Input Memory Sense Amplifier 


Features 

■ Complete dual input core memory sense amplifier 

■ Two available outputs: —Saturated logic output 

—Linear output (positive output for either polarity input) 

■ Nominal threshold voltage: 17 mV 

■ Adjustable threshold: 10 to 35 mV 

■ Low threshold uncertainty range: ±.3 mV 

■ Fast overload recovery time: — Differential-Mode: 15 ns typ. 

-Common-Mode: 30 ns typ. 

■ Independent channel gate and strobe terminals compatible with 
saturated logic levels 

■ Suitable for core memories having cycle times > 0.4 /u s 

■ Input offset voltage: 6 mV max. 


RCA-CA1541D*, a monolithic silicon integrated circuit, is a 
dual-input memory sense amplifier intended for core memory 
applications. 

The sense amplifier, consisting of two differential input 
amplifiers, a common second stage amplifier, and an output 
logic gate (See Fig. 1), converts low-level core-memory “1" 
pulses to saturated logic-level output pulses. Either one of 
the input amplifiers may be gated ON with a saturated 
logic signal so that an incoming "1" pulse of positive or 
negative polarity can be detected from either of two sense 
lines. 


The CA1541D features an external switching threshold 
adjustment, plus its gate and strobe inputs are compatible 
with saturated logic levels. The sense amplifier is suitable for 
operation with core memories having cycle times equal to or 
greater than 0.4 /us and is unilaterally interchangeable with 
industry types 1 541 L and 1 441 . 

TheCA1541D is supplied in 14-lead dual-in-line ceramic 
package and is rated for operation over the full military 
temperature range of — 55°C to +125°C. 


•Formerly Developmental Type TA5820. 



Fig. 1 — Functional block diagram of the CA 1541D. 
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CA1541D 


MAXIMUM RATINGS, Absolute Maximum Values, at T A = 25°C 

Except for Differential Input Voltage, all voltages are measured with respect to ground (Term. 8). 


DC Supply Voltage: 

V + (Term. 2) 

V (Term. 7) 

Differential Input Voltage . . 
Common-Mode Input Voltage 
"A" or "B"-Gate Input Voltage* 
Strobe Terminal Voltage . . . . 
Output Terminal Load Current 


+10 V 
-10 V 
+ 5 V 
+ 5 V 
V- to V+ 
V- to +6V 
±25 mA 


Device Dissipation: 

Up to T A = 75°C 
Above T A = 75°C 

Ambient Temperature Range: 

Operating 

Storage 


750 mW 

Derate Linearly 8 mW/°C 

-55 to +125 °C 
-65 to +150 °C 


Lead Temperature (during soldering): 

At distance not less than 1/32 inch (0.79 mm) from 

o 

case for 10 seconds max +265 C 


*Note: The "A" or "B"-Gate Input Voltage is also referred to, as the Channel-Gate Input Voltage. 
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ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

SYMBOLS 

TEST COND 

V+ = 5V, V- 
Vjh ADJ. = 

— 5V + 1%, 

(Term. 13) 

Cg XT = 0.01 |iF 

ITIONS 

= — 5V 

T A = 25°C 
(unless 
indicated 
otherwise) 

LIMITS 

MIN. | TYP. | MAX. 

UNITS 

| Static (DC) Characteristics j 

Power Dissipation 

PD 


- 

140 

180 

mW 

Input Offset Current 

ho 


- 

1 

2 

/JA 

Input Bias Current: 

T A = 25°C 

>IB 



- 

5 

25 

HA 

T A = — 55°C 




- 

- 

50 


Output Voltage: 

High 

v OH 

•OM = 200 H A 

v 3 = v 4 = 

0 

3 

_ 

_ 

V 

Low — 

T A = 25°C 

T a = 1 25°C 

VOL 

V 14 = 5 V, 

l 9 = 10 mA 


- 

- 

350 


- 

- 

400 


Strobe Load Current 

>S 

v 12 = o 

- 

- 

1.5 

mA 

Strobe Reverse Current: 

T A = 25°C 

T A = 125°C 

>SR 

V 12 = 5V 

- 

- 

2 

H A 


- 

25 

Input Qate Load Current 

'G 

< 

o 

< 

o 

- 

- 

2.5 

mA 

Input Gate Reverse Current: 

T A = 25°C 

T A = 125°C 

'GR 

v 10 = vn = 5v 

- 

- 

2 

A* A 

- 


25 

| Switching Characteristics j 

Input Threshold Voltage: 

T A = 25°C 

T A = -55 to 1 25°C 

V TH 


14 

17 

20 

mV 

12 

17 

22 

Input Offset Voltage 

V IO 


- 

1 

6 

mV 

Input Gate Voltage: 

High 

V GH 

V 3 = V 5 = 25 mV. 

- 

1.6 

- 

V 

Low 

V GL 

V 4 = V 6 = 0 

- 

0.7 

- 

Common-Mode Range: 

Input Gate High 

Input Gate Low 

V CM 


- 

±1.5 

- 

V 

- 

±1.5 

- 

Differential-Mode Range: 

Input Gate High 

v dh 


- 

±600 

- 

mV 


±1.5 

- 

V 

Input Gate Low 

V DL 

Propagation Delay: 

Input to Amplifier Output 

t|A 

V 3 = 25 mV (pulsed). 

_ 

10 

15 

ns 

Input to Output 

*10 

V 12 = 2V 

- 

20 

30 

Strobe to Output 

*so 

V 3 = V 4 = V 5 = V 6 = 0, 

V 12 = 2V (pulsed) 

- 

15 

20 

Gate Input to Amplifier Output 

*GA 

Vi i = 2V (pulsed) 


- 

10 

15 

Gate Input to Amplifier Input 

*GI 

V 3 = 25 mV 

- 

30 

35 

Common-Mode Recovery Time: 

Input Gate High 

Input Gate Low 

*CMR 

V 3 = V 5 = 1.5 V 

- 

15 

30 

ns 

- 

15 

30 

Differential-Mode 

Recovery Time: 

Input Gate High 

Input Gate Low 

*DR 

V 3 = V 5 = 400 mV 

_ 

30 

- 

ns 

- 

0 

- 
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Fig. 3 - Typical operational wave forms. 


92CS-I9392 




Fig. 4 - Input bias (I/q) and input-offset current (I jq) 
test circuit. 


Fig. 5 - Test circuit for measurement of low (VqJ and 
high (V oh) output voltage levels. 


4.9 V 

OUTPUT 

PULSE 

AT TERM.9 Q35V 





WHEN S2 IN "b" 

Fig. 6— Threshold propagation delay / gate and input-offset test circuit with 
associated pulse wave forms. 
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-50 -25 0 25 50 75 100 125 


AMBIENT TEMPERATURE (T A )— -"C 

92CS-I9396 

Fig. 7a - Input Vjy vs. T/\. 



92CS- 19398 

Fig. 7c - Input Vjy vs V~. 



Fig. 7b - Input Vjtf vs. Vjy (ADJ.). 
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92CS-I9399 


Fig. 7d - Input Vjy vs. input pulse width. 


VCM 

/ 

t r AND 1fs>25 ns 

0V 1 

f 1 

L.0% 

OUTPUT (FOR INPUT 

LESS THAN COMMON- 
MODE INPUT RANGE) 

/V 

^/y^lOOmV 



rr 


- 200 ns * 


OUTPUT (FOR INPUT 
GREATER THAN COMMON- 
MODE INPUT RANGE) 

y\ 4 



\ >100 mV 



t 




92CM-I9400 

Fig. 8 - Common-mode input range test circuit with 
associated pulse wave forms. 
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V + *3V 



associated pulse wave forms. 
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92CS- 19402 


Fig. 10 - Input-output transfer characteristics. 


V + -5V 



Fig. 11 - Strobe to output test circuit with associated 
pulse wave-forms. 



j~\ 



S 2 IN M b" POSITION WHEN S| IN EITHER “b" POSITION 

Fig. 12 - Gate input to amplifier input ( tQ/ ) test circuit 
with associated pulse wave forms. 
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Fig. 13 - Gate input to amplifier output (tQ/\) with 
associated pulse wave forms. 
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DUQBZ/LI Linear Integrated Circuits 

Solid State Monolithic Silicon 

Division CA2111AE 

CA2111AQ 



FM IF Amplifier-Limiter and 

Quadrature Detector 

For FM IF and TV Sound IF Applications 

Features: 

■ Direct replacement for ULN2111Aand MCI 357 

■ Good sensitivity: Input limiting voltage (knee) (400 jiV typ. at 10.7 MHz; 
250 /iV typ. at 4.5 MHz and 5.5 MHz) 

■ Excellent AM rejection (45 dB typ. at 10.7 MHz) 

■ Provision for output from 3-stage IF amplifier section 

■ Low harmonic distortion 

■ Quadrature detection permits simplified single-coil tuning 

■ Extremely low AFC voltage drift over full operating-temperature 
range 

■ Minimum number of external parts required 


The CA2111A, on a single monolithic chip, provides a multi- 
stage wideband amplifier-limiter, a quadrature detector, and an 
emitter-follower output stage. This device is designed for use 
in FM receivers and in the sound IF sections of TV receivers. 
In addition, an output terminal is provided which allows the 
use of the amplifier-limiter as a straight 60-dB wideband 
amplifier. 

The amplifier-limiter features the excellent limiting character- 
istics of 3 cascaded differential amplifiers. 


The quadrature detector requires only one coil in the asso- 
ciated outboard circuit and therefore, tuning is a simple 
procedure. 

A unique feature of the CA2111A is its exceptionally low 
AFC voltage drift over the full operating-temperature range. 

This device can be supplied in either dual-in-line or quad-in- 
line 14-lead plastic packages (CA2111AE and CA2111AQ, 
respectively). 



Fig. 1— Block diagram of CA21 1 1A and 
associated outboard components. 


MAXIMUM RATINGS, Absolute-Maximum Values at T/\=25°C 


DC Supply Voltage 

[between terminals 13 (V + ) and 7 (V - )] 16 V 


Device Dissipation: 

Up to T A = 60° C 

Above T^ = 60° C 

Ambient Temperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering): 
At distance 1/16 ± 1/32 in. 

(1 .59 ± 0.79 mm) 

from case forlOs max 


600 mW 

derate linearly 6.7 mW/°C 

-55 to +125 °C 

-65 to +150 °C 


+ 265 


°C 
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CA2111AE, CA2111AQ 

ELECTRICAL CHARACTERISTICS at T A = 25°C 


File No. 612 



CHARACTERISTIC SYMBOL 


DC Voltage: 

At Terminal 1 


At Terminals 4, 5, 6. 10 
At Terminals 2, 12 


DC Current (into Terminal 13) 
At V + = 8V 
At V + = 12V 


Amplifier Input Resistance 


Amplifier Input Capacitance 


Detector Input Resistance 


Detector Input Capacitance 


Amplifier Output Resistance 


Detector Output Resistance 


De-Emphasis Resistance 


TEST CONDITIONS 


V + = 12V 

= 8V 

V + = 8V 


f n = 10.7 MHz 


LIMITS 


MIN. TYP. MAX. 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A * 25°C 
FM Modulation Frequency = 400 Hz, Source Resistance = 50£2 


CHARACTERISTIC 



TEST CONDITIONS 




/ Q = 10.7 MHz 

/ Q = 4.5 MHz 

/ 0 = 5.5 MHz 

A/= ± 

75 KHz 

Af = ± 25 KHz 

Af = ± 50 KHz 

V+ = 12V 

> 

00 

ii 

+ 

> 

V + = 12V 

V+= 12V 


LIMITS 



TYP. MAX. TYP. MAX. TYP. MAX. TYP. MAX. 


AMPL-LIMITER 


Input Limiting 
Threshold Voltage 


AM Rejection* * 


Ampl. Voltage Gain! Ay (10) 


DETECTOR 


Recovered Audio 
Output Voltage 
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CA2111AE, CA2111AQ 





COMPONENT VALUES 




DETECTOR TRANSFER 
CHARACTERISTICS 

f. 

*-1 

Cl 

R 1 

Q 

c 2 

c 3 

UPPER 

PEAK 

LOWER 

PEAK 

MHz 

pH 

PF 

Kil 

- 

PF 

pF 

MHz 

MHz 

4.5 

14 

120 

20 

30 

3 

0.003 

4.58 

4.42 

5.5 

8 

100 

20 

30 

3 

0.003 

5.63 

5.37 

10.7 

2 

120 

3.9 

20 

4.7 

0.01 

10.9 

10.5 


DISTORTION 

ANALYZER 

HEWLETT 

PACKARD 

330B0R 

EQUIVALENT 


NOTE: 

Input to the quadrature coil can be from 
either terminal 9 or terminal 10. Terminal 
9 is normally used because it lessens the 
possibility of overloads during tuning. 

The use of terminal 10 increases the 
limiting sensitivity significantly and has 
been used successfully in these tests. 


92CS- 20771 


Fig. 3— Test circuit. 


Ill 







INPUT VOLTAGE (Vj) — mv[rms] 


INPUT VOLTAGE (Vj)— mV [rms] 


Fig. 6— AM rejection vs input voltage ( 10.7 MHz). 


Fig. 7— Detected audio output vs input voltage (4.5 MHz). 


•3 SUPPLY VOLTAGE (V + ) *12 V i ' i 

.2 ^^^^ w.sIgnal i^tfe rm 9 , 

f 0 *5.5 MHz I Y I till 

|., - Af*± 50kHz U: JL — U 



2 4 5 6 e Q| 2 4 6 8, 2 ^ 6 8 |Q 2 

INPUT VOLTAGE (Vj)— mV [rms] 

92CS-20765 

Fig. 8— Detected audio output vs input voltage (5.5 MHz). 
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INPUT SIGNAL VOLTAGE (Vj)— mV[rms] 

92CS-20766 

Fig. 9— Detected audio output voltage vs input voltage (10.7 MHz) 
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0UQBZ/0 

Solid State 
Division 


Linear Integrated Circuits 

CA3000 


DC Amplifier 

Monolithic Silicon 


• Designed for use in Communication, Telemetry, Instrumentation, and 
Data-Processing Equipment 

• Balanced differential-amplifier configuration with controlled 
constant-current source to provide outstanding versatility 

• Built-in temperature stability for operation from -55°C to +I25°C 

• Companion Application Note, I CAN 5030 "Applications of RCA CA3000 
Integrated Circuit DC Ampl if ier" covers character ist ics of different 
operating modes, frequency considerations, 10 mhz narrow band 
tuned amplifier design, crystal oscillator design, and many other 
application aids 


HIGHLIGHTS 

• Input Impedance 195 KQ typ. 

• Voltage Gain. . . 30 dB typ. 

• Common-Mode Rejection Ratio ... 98 dB typ. 

• Input Offset Voltage. ...... 1.4 mV typ. 

• Push-Pull Input and Output 

• Frequency Capabil ity 

DC to 30 MHz (with external C and R) 

• Wide AGC Range 90 dB typ. 


APPLICATIONS 

• Schmitt Trigger 

• RC-Coupled Feedback Amplifier 

• Mixer 

• Comparator 

• Modulator 

• Crystal Osc i 1 lator 

• Sense Ampl if ier 



v + 
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- CA3000 


ABSOLUT E-MAXIMUM VOLTAGE LIMITS, at T F a = 25°C 

Indicated voltage limits for each terminal can be used under 
specified voltage conditions for other terminals 
All voltages are with respect to ground (common terminal of Positive and Negative DC Supplies) 


VOLTAGE LIMITS CONDITIONS 

TERMINAL NEGATIVE I POSITIVE | TERMINAL I VOLTAGE 


VOLTAGE LIMITS CONDITIONS 

TERMINAL NEGATIVE i POSITIVE TERMINAL I VOLTAGE 



Internally Connected to Terminal 
No. 3 (Substrate) DO NOT GROUND 


OPERATING-TEMPERATURE RANGE . . 

STORAGE-TEMPERATURE RANGE 
LEAD-TEMPERATURE (During Soldering): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) 
from case for 10 seconds max 


— 55°C to +125°C 
— 65°C to +150°C 


MAXIMUM SINGLE-ENDED INPUT-SIGNAL VOLTAGE . . ±4 V 

MAXIMUM COMMON-MODE INPUT-SIGNAL VOLTAGE . .±2V 

MAXIMUM DEVICE DISSIPATION: 

From — 55°C to 85°C 450 mW 

Above 85°C Derate 5 mW/°C 


STATIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA3000 

INPUT OFFSET VOLTAGE AND CURRENT vs TEMPERATURE INPUT BIAS CURRENT vs TEMPERATURE 






















CA3000 
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ELECTRICAL CHARACTERISTICS, at TpA = 25°C, Vqc = +6V, VgE = -6V, unless otherwise specified 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 
Terminals No.4 4 No.5 Not 
Connected Unless Specified 

TEST 

CIRCUITS 

LIMITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

TYPE 

CA3000 

Fig. 

Min. | Typ. | Max. | Units 

Fig. 

| STATIC CHARACTERISTICS | 

Input Offset Voltage 

Vio 



- 

1.4 

5 

mV 

2 

Input Offset Current 

Ijo 



- 

1.2 

10 

mA 

2 

Input Bias Current 

IlB 



- 

23 

36 

nA 

3 

Quiescent Operating 

Voltage 

V8 

or 

VIO 

TERMINALS 







4 

5 







NC 

NC 


- 

2.6 

- 

V 

4 

NC 

VEE 


- 

4.2 

_ 

V 

4 

VEE 

NC 


- 

-1.5 

- 

V 

4 

VEE 

VEE 


- 

0.6 

- 

V 

4 

Device Dissipation 

P D 

NC 

NC 


- 

30 

- 

mW 

NONE 

DYNAMIC CHARACTERISTICS | 

Differential Voltage Gain 
Single-Ended Input 

Ad IFF 

Single-Ended Output f = 1 kHz 

9 

28 

32 

- 

dB 

5 

Double-Ended Output f = 1 kHz 

9 

- 

38 

- 

dB 

5 

Bandwidth at -3 dB Point 

BW 

V, = 10 mV, R s = 1 kft 


- 

650 

- 

kHz 

7 

Maximum Output Voltage 
Swing 

vout(p-p) 

f = 1 kHz 

9 

- 

6,4 

- 

V(P-P) 

NONE 

Common-Mode Rejection 

Ratio 

CMRR 

f = 1 kHz 

13 

70 

98 

- 

dB 

8 

Single-Ended Input 
Impedance 

ZlN 

f = 1 kHz 

15 

70K 

I95K 

- 

n 

10 

Single-Ended Output 
Impedance 

ZOUT 

f = 1 kHz 

17 

5.5K 

8K 

10. 5K 

n 

12 

Total Harmonic Distortion 

THD 

R S =lkf2 f = 1 kHz V 0 =42Vp. p 


- 

0.2 

5 

% 

14 

AGC Range (Maximum Voltage 
Gain to Complete Cutoff) 

AGC 

f = 1 ikHz 

20 

80 

90 

- 

dB 

NONE 


QUIESCENT OPERATING VOLTAGE vs TEMPERATURE 



AMBIENT TEMPERATURE (T A )— °C 
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CA3000 


DYNAMIC CHARACTERISTICS AND TEST CIRCUIT FOR TYPE CA3000 


DIFFERENTIAL VOLTAGE GAIN vs TEMPERATURE 



Fig. 5 


DIFFERENTIAL VOLTAGE GAIN AND MAXIMUM OUTPUT 
VOLTAGE SWING TEST CIRCUIT 



Fig. 6 


BANDWIDTH AT -3 dB POINT vs TEMPERATURE 


COMMON-MODE REJECTION RATIO vs TEMPERATURE 


POSITIVE DC SUPPLY VOLTS (V CC ) » +6 
NEGATIVE DC SUPPLY VOLTS (V EE 1 - -6 
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Fig. 7 

COMMON-MODE REJECTION RATIO TEST CIRCUIT 
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AMBIENT TEMPERATURE (T A ) — °C 
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Fig. 8 



*A = SINGLE-ENDED VOLTAGE GAIN AS MEASURED 92CS-I3298 

IN CIRCUIT SHOWN IN FIG. 68 92CS-I2983R2 
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DYNAMIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA3000 


SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT 



Fig. 1 1 


SINGLE-ENDED OUTPUT IMPEDANCE vs TEMPERATURE 



AMBIENT TEMPERATURE (T A )— *C 

92CS-I330I 

Fig. 12 


SINGLE-ENDED OUTPUT IMPEDANCE TEST CIRCUIT 



Fig. 13 


TOTAL HARMONIC DISTORTION vs TEMPERATURE 



-75 -50 -25 0 25 50 75 100 125 


AMBIENT TEMPERATURE (T A )— °C 

92CS-I3495 

Fig. 14 


AGC RANGE TEST CIRCUIT 
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nuffi/jn 

Linear Integrated Circuits 

Solid State 

Division 

CA3001 


Video and Wide-band Amplifier 

Monolithic Silicon 


• Designed for us* in Video Systems and Communication Equipment 

• Balanced differential amplifier configuration with controlled constant-current source 
provides outstanding versatility 

• Built-in temperature stability for operation from -55°C to +125°C 

• Emitter follower input & output 

• Companion Application Note ICAN5038 “Application of the RCA-CA3001 Integrated- 
Circuit Video Amplifier", covers different operating modes, gain control, distortion, 
swing capability, 3 stage amplifier design,and a Schmitt trigger study. 


APPLICATIONS HIGHLIGHTS 

• Schmitt Trigger «DC, IF, & • Push-Pull Input & Output 

• Mixer Video *AGC Range 60 dB typ. 

• Modulator Amplifier •Bandwidth 29 MHz 

• Input Resistance 150 kQ typ. 

•Output Resistance 45 ft typ. 

• Voltage Gain 19 dB typ. 

• Input Offset Voltage .... 1.5 mV typ. 




* Internal Connection - DO NOT USE 

Fig . 7 - Schematic Diagram. 
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ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS at Ta = 25°C 

Indicated voltage or current limits for each terminal can be applied under the specified conditions for other terminals. 
All Voltages are with respect to ground (common terminal of Positive and Negative DC Supplies). 


TERMINAL 

VOLTAGE OR 

CURRENT LIMITS 

CONDITIONS 


TERMINAL 

VOLTAGE OR 

CURRENT LIMITS 

CONDIT 

ONS 

NEGATIVE 



VOLTAGE 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 




2, 6 

0 





1, 2, 6, 10 

0 

1 

n 

+2.5 

3, 10 

-6 





3 

-6 




9 

•*6 


8 

25 mA 

9 

-*6 




1.6 

0 





200-ft RESISTOR 

2 

■ ■ 


3. 10 

-8.5 





CONNECTED BETWEEN 




9 

-*6 





TERMINALSNo.8 & No. 10 




1, 2,6 

0 





1, 2, 6, 10 

mgm 







9 

0 

+10 



3 

-10 

0 

9 

*•6 





3 





10 

-6 





1, 2, 6 

0 


wmmmm 


1, 2, 6 

0 


10 

-10 

0 

3 

-6 

4 

m 


9 

■*6 





9 

•Hi 


■ 

f|§jj| 

10 

-6 





1. 2, 6, 10 

0 




1, 2,6 

0 





3 

-6 

5 



3, 10 

-6 


11 

25 mA 

9 

* 




9 

+6 





200-fi RESISTOR 


m 








■ •Wklk j II 


■ 


1. 2 

0 






6 

El 

+2.5 

3, 10 

-6 








9 

-*6 




INTERNAL CONNECTION 








DO NOT USE 



INTERNAL CONNECTION 



PET F "jir 





j ■ gl 


DO NOT USE 



CA~C 

INTERNALLY CONNECTED TO TERMINAL No.3 

m m 







(SUBSTRATE) 

DO NOT GROUND 


OPERATING TEMPERATURE RANGE -55°C to +125°C 

STORAGE TEMPERATURE RANGE -65°C to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM SINGLE-ENDED INPUT-SIGNAL VOLTAGE ±4V 

MAXIMUM COMMON-MODE INPUT-SIGNAL VOLTAGE ± 2.5 V 

MAXIMUM DEVICE DISSIPATION: 

-55 to 85 °C 450 mW 

Above 85°C Derate linearly 5 mW/°C 
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File No. 122 CA3001 

ELECTRICAL CHARACTERISTICS, AT T A = 25°C, Vcc = +6 V, Vee = -6 V 








LIMITS 

TYPICAL 

CHARACTERISTICS 
(See Page 2 for 
Definitions of Terms) 

SYMBOLS 

Terminals No. 4 and No.5 

Not Connected 

Unless Specified 

TEST 

CIRCUITS 

TYPE CA3001 

CHARAC- 

TERISTICS 

CURVES 



Fig- 

Min. 

Typ. 

Max. 

Units 

Fig. 

STATIC CHARACTERISTICS: | 

Input Offset Voltage 

V|0 


4 

- 

1.5 


mV 

2 

Input Offset Current 

no 


5 


1 

10 

M A 

2 

Input Bias Current 

l| 


5 


16 

36 

mA 

3 

Output Offset Voltage 

Voo 

R S 

= 1 kft 


* 

D 



6 



TERMINALS 









MODE 

4 

5 







Quiescent Operating 

V 8_ 

A 

NC 

NC 


3.8 



KM 

7 

Voltage 

Vll 

B 

H9 

VEE 


- 


WM 

V 

7 


C 


NC 


' 

EH 

- 

V 

7 



D 

MS 

vee 



4 


V 

7 



A 


NC 


El 

Hi 



8 

Device Dissipation 


B 


vee 


- 




8 

P D 

C 


NC 




- 


8 



D 


v E e 



D 

- 


8 

DYNAMIC CHARACTERISTICS: j 

Differential Voltage Gain 

a diff 

f 

- 1.75 MHz 


16 

19 


dB 

9 A, 9 B 

(Single-ended input and output) 

f 

-■= 20 MHz 


10 

14 


dB 

9 B 

Bandwidth at -3 dB Point 

BW 

R S = 50ft 


16 

29 

- 

MHz 

NONE 

Maximum Output Voltage Swing 

VOUT(P-P) 

R S = 50ft f = 1.75 MHz 



5 

- 

vp-p 

NONE 

Noise Figure 

NF 

i 

f - 1.75 MHz, R$ = 1 KO 

14 


5 

8 

dB 

\0 

f = 11.7 MHz, R S 1 KQ 

14 


7.7 


dB 

10 

Common-Mode Rejection Ratio 

CMRR 

f - 1 KHz 

16 

70 

88 


dB 

12 

Input Impedance Components: 









Parallel Input Resistance 

Rin 

f 1.75 MHz 


50 

140 


kQ 

14 

Parallel Input Capacitance 

C IN 

f 1.75 MHz 



3.4 

7 

PF 

14 

Output Resistance 

Rout 

f 1.75 MHz 



45 

70 

n 

NONE 

AGC Range (Maximum voltage 
gain to complete cutoff) 

AGC 

f 1.75 MHz 



19 

55 

60 


dB 

NONE 
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TYPICAL STATIC CHARACTERISTICS 


POSITIVE DC SUPPLY VOLTS <V CC )* + 6 j 
| NEGATIVE DC SUPPLY VOLTS (V EE )«- 6 


POSITIVE DC SUPPLY VOLTS (V C c>*-*-6 t 
NEGATIVE DC SUPPLY VOLTS (V EE )«-6 [ 





File No. 122 


CA3001 


TYPICAL STATIC CHARACTERISTICS 



Fig. 8 - Device dissipation vs. temperature. 


TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 


POSITIVE OC SUPPLY VOLTS (V CC )*+6 
NEGATIVE OC SUPPLY VOLTS <V EE )«-6 
FREQUENCY (f)» 1.75 MHz 



:: 

:: 






:z 





:: 

:: 






i 





:: 

:: 






- 





-- 

-- 




-- 


-- 












- 



18.7 

m 

T> 

| 18.6 


:: 

:E 




!: 







:: 











:: 

:: 





















< 

i ,as 

Ui 

o 


:: 

















t-- 






















:: : 

s 



-- 


18.4 

O 

> 






















E; 



















::: 




i; 


18.3 


















: : • 




i: 



















::: 




i: 


18.2 

it 















TT 


rr 




EE 



-75 -50 -25 O 25 50 75 100 125 


AMBIENT TEMPERATURE (T A ) — °C 92CS-I3287 

Fig. 9a - Differential voltage gain vs. temperature. 


POSITIVE OC SUPPLY VOLTS (Vcc>*+6 
NEGATIVE OC SUPPLY VOLTS (V EE )— 6 
AMBIENT TEMPERATURE (T A )*25*C 










VOLTAGE GAIN (A)— dB 





__ 


_ 





























s 




















N 

v 




















\ 











































X 






























































~T 









zj 






n 





1 

L. 





4 








2 4 6 8 

2 

< 




0.1 I 10 too 1000 

FREQUENCY (f ) — MHz 92CS-I32B2RI 

Fig. 9 b - Differential voltage gain vs. frequency. 



92CS-I3284 


Fig.10 - Noise figure vs. source resistance and frequency. 



92CS -13553 


* Separate tuned input circuits are used for 1.75 MHz and 11.7 MHz. 
Source-resistance matching taps adjusted with circuit tuned to 
resonance and with 50-ohm resistor connected to simulate 
noise diode. 

Fig. 77- Noise figure test circuit. 




CA3001 
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TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUIT 



AMBIENT TEMPERATURE (T A ) — °C 92CS-I3288 


Fig. 7 2 - Common-mode rejection ratio vs. temperature. 



GAIN 

Fig. 13 - Common-mode rejection ratio test circuit. 



37-250 



Fig. 14 


- Input impedance components vs. frequency. 


Fig. 15 ■- AGC range test circuit. 
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File No. 123 



Solid State 
Division 


Linear Integrated Circuits 

CA3002 


IF Amplifier 


• Designed for use in Communication Equipment 

• Balanced differential amplifier configuration with controlled constant-current source 
provides outstanding versatility 

• Built-in temperature stability for operation from -55°C to +125°C 

• Companion Application Note ICAN-5036 “Application of the RCA-3002 Integrated-Circuit 
IF Amplifier" covers different operating modes, cross modulation, gain control, 4-stage 
amplifier design, and an envelope and product detector analysis. 



APPLICATIONS 

• Product Detector • AM Detector 

• IF & Video • Schmitt Trigger 

Amplifier 


HIGHLIGHTS 

• Input Resistance 100 kfi typ. 

• Output Resistance 70 0 typ. 

• Voltage Gain . . 24 dB typ. @ 1.75 MHz 

• Push-Pull Input, Single-Ended Output 

• -3 dB Bandwidth 11 MHz typ. 

• AGC Range 80 dB typ. 

• Useful Frequency Range DC to. .15 MHz 


SCHEMATIC DIAGRAM 



ALL RESISTORS ARE IN OHMS 
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CA3002 File No. 123 

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, at T A = 25°C 

Indicated voltage or current limits for each terminal can be applied under the specified 
operating conditions for other terminals. 

All voltages are with respect to ground (-Vcc, + VeE»)°* common terminal of Positive 
and Negative DC supplies). 


TERMINAL 

VOLTAGE OR CURRENT 
LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 

■ggH| 


■Mgll 

mm 


ill : " 1 I l 

| 

| 

■ 



mm 

|lp| 

mm 

+6 

■ 

-10 V 


1 , 5 , 10 

0 

■ 



9 

+6 

II 

mm 

| 

1 , 5 , 10 

0 




7 

-6 

1 

■Ml 

|| 

9 

+6 

1 



1 , 5 , 10 

0 


-8 V 

0 V 

2, 7 

-8 




9 

+6 

■ ■ 

■ ■ 


1, 10 

0 

1 


+3.5 V 

2, 7 

-6 

1 

|| 


9 

+6 

CASE 

INTERNALLY CONNECTED TO TERMINAL No.2 


(SUBSTRATE) DO NOT GROUND 


TERMINAL 

VOLTAGE OR CURRENT 
LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 

m 

INTERNAL CONNECTION 




DO NOT USE 


ii 



l r 5, 10 



-12 V 


2 


■ ■ 



9 

Wmtm 




lr 5, 7, 10 

HDHi 

8 

20 mA 

2 





9 

+6 




200 H Resistor Between 




Terminals 7 & 8 | 




| 


9 

0 V 

+10 V 

WEEEm 

HI 




lr 5 

0 

10 


+3.5 V 

2,7 

•€ 


1 


9 

+6 


OPERATING-TEMPERATURE RANGE -55°C to +125°C 

STORAGE-TEMPERATURE RANGE -65°C to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM INPUT-SIGNAL VOLTAGE ±4V 

MAXIMUM DEVICE DISSIPATION: 

-55 to 85 °C 450 mW 

Above 85°C Derate linearly 5 mW/°C 


STATIC CHARACTERISTICS AND TEST CIRCUITS 



AMBIENT TEMPERATURE (T A )— # C 92CS-I3347 

Fig.2 - Input unbalance voltage & current vs temperature. 



AMBIENT TEMPERATURE (T A ) —*C 92CS-I3345 

Fig.3 - Input bias current vs temperature. 
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File No. 123 CA3002 


ELECTRICAL CHARACTERISTICS, at T A =25°C, V C C = V, V EE =-6 V 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 
TERMINALS No.3 & No.4 
NOT CONNECTED 
UNLESS OTHERWISE NOTED 

TEST 

CIRCUITS 

LIMITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

CA3002 

Fig. 

^SEBESaiflia 

Fig. 

STATIC CHARACTERISTICS: 


1 

Input Offset Voltage 

Vio 


4 

- 

B9 

• 

m 

2 

Input Unbalance Current 

nu 



- 


o 

d 

2 

Input Bias Current 

ii 



- 



m 

3 

Quiescent Operating 

Voltage 



TERMINAL 


■ 

■ 

■ 

m 



2 

4 

A 

ng 

NC 


- 

E9 

- 

wm 

4 

B 

033 

Vee 


- 


- 

V 

4 

Device Dissipation 

Pt 



- 


- 

u 

None 

DYNAMIC CHARACTERISTICS: 



Differential Voltage Gain 
(Single-Ended Input 
and Output) 

adiff 

V| N = 10 mV 
f = 1.75 MHz 

R S = 50ft 

1 

19 

24 

■ 


5 & <5 

Bandwidth at -3 dB Point 

BW 

RS = 50£2, V| N = 10 mV 


- 

O 

- 


6 

Maximum Output Voltage Swing 

VOUT(P-P) 

- 


- 

MBvH 

• 


None 

Noise Figure 

NF 

f = 1.75 MHz Rs = 1 

12 

- 

4 

8 

■a 

7 

Input Impedance Components: 
Parallel Input Resistance 

Rin 

f = 1.75 MHz 

None 

■ 


■ 

n 

None 

Parallel Input Capacitance 

*C|N 

f = 1.75 MHz 

None 

- 

4 

- 

na 

None 

Output Resistance 

Rout 

f = 1.75 MHz 

14 

- 

d 

- 

o 

9a & 9b 

AGC Range (Maximum Voltage 
Gain to Complete Cutoff 

AGC 

f = 1.75 MHz 

18 

60 

80 

- 

dB 

12 


STATIC CHARACTERISTICS AND TEST CIRCUITS 



92CS-I3562 

F/g.4 - Quiescent operating voltage vs temperature. 
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DYNAMIC CHARACTERISTICS 


POSITIVE DC SUPPLY VOLTS (Vcc) * + 6 
NEGATIVE DC SUPPLY VOLTS (V EE ) * -6 
FREQUENCY (f) *1.75 MHZ 


AMBIENT TEMPERATURE (T A ) — C 


POSITIVE DC SUPPLY VOLTS (V cc ) « +p 
NEGATIVE DC SUPPLY VOLTS (V EE ) * -6 
AMBIENT TEMPERATURE (T A )*25«C 



FREQUENCY (f) — MHz 


Fig. 5a ~ Differential voltage gain vs temperature. 


Fig. 5b- Differential voltage gain vs frequency 


DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 


POSITIVE DC SUPPLY VOLTS IV C C> * +6 
NEGATIVE DC SUPPLY VOLTS IV EE ) « -6 



-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) — °C 


POSITIVE DC SUPPLY VOLTS (V cc ) » +6 
NEGATIVE DC SUPPLY VOLTS (V EE ) - -6 
AMBIENT TEMPERATURE (T A )*25 - C 
FREQUENCY (f) * 1.75 MHz 


500 1000 1500 

SOURCE RESISTANCE (R s ) — ft 


Fig. 6 - Bandwidth at -3 dB point vs temperature. 


Fig. 7 - Noise figure vs source resistance. 


SOURCE 

RESISTANCE 

MATCHING 

AUTOTRANSFORMER* 


J 1.75- MHz [~ p F ~ | 

/ AMPLIFIER AND HVTVM 

F "-ii" 0 y U£ r y 


Taps are adjusted to provide indicated equivalent values of R$ 
with tank tuned to resonance at 1.75 MHz, and a 50-12 resistor 
connected to simulate the noise diode. 


POSITIVE DC SUPPLY VOLTS (V CC ) = + 6 
NEGATIVE DC SUPPLY VOLTS IV EE )= -6 
FREQUENCY (f) = 1.75 MHz 



Fig. 8 - Noise figure. 


-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) — °C 

92CS-I339 

Fig. 9a - Output resistance vs temperature. 
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CA3002 


DYNAMIC CHARACTERISTIC AND TEST CIRCUIT 








POSITIVE DC SUPPLY VOLTS (V cc ) - +6 
NEGATIVE DC SUPPLY VOLTS (V EE ) * -6 














r 







OUTPUT RESISTANCE 
(TERMINAL No.8 TO GROUND) — 0 



r 



TT 






TT 


_ 


TT 


_m 

T 




— 


r 

























n 


n 



25 


: 




















I 



























































DO 
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x 




x 


x 


::: 



O 5 10 15 20 25 30 

FREQUENCY (f ) — MHz 

92CS-I3400 


Fig. 9b - Output resistance vs frequency. 




| 



POSITIVE DC SUPPLY VOLTS (Vcc) * +6 
NEGATIVE DC SUPPLY VOLTS (V EE ) - -6 
FREQUENCY (f) * 1.75 MHz 

T 


“T 

TT 

T" 





1 

r 







T" 



t 







1 


3 

F 


T 

M 

T- 

| AC INPUT VOLTAGE | 

(TERMINAL No. 10 TO GROUND)— mV 



INPUT ADJUSTED FOR 3 rd ORDER HARMONIC > ' 
30 dB BELOW FUNDAMENTAL. 
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- 
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10 
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:: 
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L 


-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) — • C 

92CS-I3402 


Fig. 10 - Input level for — 30 dB intermodulation 
vs. temperature 



-6V 92CS-I3564 

1) Increase both input-signal tones until the 2f2*f1 and 2f -j -f 2 output- 
signal voltages are 30 dB below the f -j and f2 output-signal voltages. 

2 ) Measure rms values of the input and output signal voltages. 

3) The measured input signal voltage is that value when the 3rd-har- 
monic intermodulation products are 30 dB below the fundamen- 
tal outputs. 

Fig. 11 - Intermodulation Test Circuit . 


1) Set attenuator at 80 dB attenuation. 

2) Set variable dc supply voltage at 0 V. 

3) Increase signal input voltage until RF V.T.V.M. indicates 5 mV 
output. 

4) Set variable dc supply voltage at -6 V. 

5) Adjust attenuator until RF V.T.V.M. again indicates 5 mV output. 

6) Change in attenuator setting in dB is total AGC Range. 



92CS- 13401 


Fig. 12- AGC range vs frequency. 


v cc 

+ 6V 



Fig. 13- AGC range. 
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Solid State 
Division 


Linear Integrated Circuits 

CA3004 


RF Amplifier 

Monolithic Silicon 


e 

e 

e 


■ e 


Designed for use in Communications Equipment 

Balanced Differential-Amplifier Configuration with Controlled Constant-Current 
Source Provides Unexcelled Versatility 


Push-Pull Input and Output 
Wide and Narrow- Band Amplifier 
AGC 
Detector 

Operation from DC to 100 Mc/s 


• Mixer 

• Limiter 

• Modulator 

• RF, IF, and Video Frequency 
Capability 



• Built-in Temperature Stability for Operation from -55° C to +125° C 

• Similar to RCA CA3005 and CA3006, plus Emitter- Degeneration Resistors 
to Provide More Linear Transfer Characteristic and Increased Input-Signal 
Handling Capability 

• Companion Application Note ICAN 5022 “Application of RCA CA3004, CA3005, 
and CA3006 Integrated Circuit RF Amplifiers", covers characteristics of 
different operating modes, noise performance, cross-modulation, mixer, AGC, 
limiter, detector, and amplifier design considerations. 

SCHEMATIC DIAGRAM FOR CA3004 

SEE NOTE 



NOTEt Connect Terminal No. 10 to most 
positivo dc supply voltage used for 
circuit. 


Fig.l 
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-CA3004 


ABSOLUTE-MAXIMUM VOLTAGE LIMITS, at t fa = 25°C 

Voltage limits shown for each terminal can be applied under the indicated circuit conditions for other terminals. 
All voltages are with respect to GROUND (common terminal of Positive and Negative DC Supplies) 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 

1 

NO CONNECTION j 




6 

0 




12 

0 




3 

-9.5 

2 

-9.5 

0 

9 

+6 




10 

+6 




11 

46 




2 

0 




6 

0 




9 

+6 

3 

-12 

0 

10 

46 




11 

46 




12 

0 




2 

0 




6 

0 




9 

46 

4 

-12 

0 

10 

46 




11 

46 




12 

o 




2,6,12 

0 




3 

-6 

5 

-6 

0 

9 

46 




10 

46 




11 

46 




2 

0 




3 

-6 




9 

46 

6 

-3.5 

+3.5 

10 

46 




11 

46 




12 

0 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 

7 

NO CONNECTION 

8 

NO CONNECTION 




2 

0 




3 

-6 




6 

0 

9 

0 

+12 

10 

+6 




11 

+6 




12 

0 




2 

0 




3 

-6 




6 

0 

10 

0 

+12 

9 

+6 




11 

+6 




12 

0 




2 

0 




3 

-6 

11 

0 

+12 

6 

10 

0 

46 




1) 

46 




12 

0 




2 

0 




3 

-6 




6 

0 

12 

-3.5 

+3.5 

9 

+6 




10 

46 




11 

46 

CASE 

INTERNALLY CONNECTED TO TERMINAL 


N0.3 (SUBSTRATE) DO NOT GROUND 


OPERATING-TEMPERATURE RANGE -55°C to +125°C 

STORAGE-TEMPERATURE RANGE -65°C to +150°C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM SINGLE-ENDED INPUT- 

SIGNAL VOLTAGE ±3.5 V 

MAXIMUM COMMON-MODE INPUT- 

SIGNAL VOLTAGE -2.5 V, +3.5 V 

MAXIMUM DEVICE DISSIPATION 300 mW 
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ELECTRICAL CHARACTERISTICS, at T FA = 25° C, V CC = H6V, V F E = -6 V unless otherwise specified 







LIMITS 

TYPICAL 

CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

TEST 

CIRCUIT 


TYPE 

CA3004 


CHARAC- 

TERISTICS 


Terminals No.4 and No.5 Open 




CURVES 



Unless Otherwise Specified 

Fig. 

Min. 

Typ. | Max. 

Units 

Fig. 

STATIC CHARACTERISTICS | 

Input Offset Voltage 

v IO 


Fig. 4 

- 

1.7 

5 

mV 

Fig.2 

Input Offset Current 

!lO 


Fig. 5 

- 

0.125 

5 

M A 

Fig.2 

Input Bias Current 

h 


Fig.5 

- 

21 

40 

mA 

Fig. 3 



TERMINALS 









4 

5 







Quiescent 

h 

NC 

NC 

Fig-8 

_ 

l 

_ 

mA 

Fig.6 

Operating 

Current 

or 

111 

V E E 

NC 

Fig.8 

- 

2.7 

- 

mA 

Fig.6 


NC 

V E E 

Fig.8 

- 

0.45 

- 

mA 

Fig.6 



< 

m 

m 

Vee 

Fig.8 

- 

1.25 

- 

mA 

Fig.6 

Quiescent Operating 

Current Ratio 

yui 


Fig.8 

- 

1.1 

- 

- 

Fig-7 

Device Dissipation 

Pt 


Fig.8 

- 

26 

- 

mW 

NONE 

DYNAMIC CHARACTERISTICS 

Power Gain 

G P 

f = 100 Mc/s 

Fig. 11 

10 

12 

- 

dB 

Fig.9 

Noise Figure 

NF 

f = 100 Mc/s 

Fig. 11 

- 

6.3 

9 

dB 

Fig..l0 

Common Mode 

Rejection Ratio 

CMR 

f = 1 Kc/s 

Fig. 13 

- 

98 

- 

dB 

Fig. 12 

AGC Range (Max. Voltage 









NONE 

Gain to Complete Cutoff) 

AGC 

f = 1.75 Mc/s 


Fig. 14 

-60 

- 


dB 


DEFINITIONS 

Input Offset Voltage 

The difference in the dc voltages which must be applied to the input 
terminals to obtain equal quiescent operating voltages (zero output 
offset voltage) at the output terminals. 


Input Offset Current 

The difference in the currents at the two input terminals when the 
quiescent operating voltages at the two output terminals are equal. 


Input Bias Current 

The average value (one-half the sum) of the currents at the two 
input terminals when the quiescent operating voltages at the two 
output terminals are equal. 


Quiescent Operating Current 

The average (dc) value of the current in either output terminal. 


Quiescent Operating Current Ratio 

The ratio of the Quiescent operating currents in the two output 
terminals. 


Device Dissipation 

The total power drain of the device with no signal applied and no ex- 
ternal load current. 


OF TERMS 
Power Gain 

The ratio of the signal power developed at the output of the device 
to the signal power applied to the input, expressed in dB. 

Noise Figure 

The ratio of the total noise power of the device and a resistive 
signal source to the noise power of the signal source alone, the 
signal source representing a generator of zero impedance in series 
with the source resistance. 

Common-Mode Rejection Ratio 

The ratio of the full differential voltage gain to the common-mode 
voltage gain. 

Common-Mode Voltage Gain 

The ratio of the signal voltages developed between the two output 
terminals to the signal voltage applied to the two input terminals 
connected in parallel for ac. 

Differential Voltage Gain 

The ratio of the change in output voltage at either output terminal 
with respect to ground, to a change in input voltage at either input 
terminal with respect to ground, with the other input terminal at 
ac ground. 

AGC Range 

The total change in voltage gain (from maximum gain to complete 
cutoff) which may be achieved by application of the specified range 
of dc voltage to the AGC input terminal of the device. 
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CA3004 


TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA3004 


INPUT OFFSET VOLTAGE AND CURRENT 
VS TEMPERATURE 



FREE-AIR TEMPERATURE (T FA ) — °C 


Fig-2 

INPUT OFFSET VOLTAGE TEST CIRCUIT 


INPUT BIAS CURRENT VS TEMPERATURE 


POSITIVE DC SUPPLY VOLTS (V cc ) * +6 
NEGATIVE DC SUPPLY VOLTS (V EE ) ■ -6 


• 50 


tJ 40 
►- 
z 

I 30 


< 20 


-75 -50 -25 0 25 50 75 100 125 

FREE-AIR TEMPERATURE (T FA ) — *C 

92CS-I3368 

Fig. 3 

INPUT OFFSET CURRENT AND BIAS CURRENT 
TEST CIRCUIT 



QUIESCENT OPERATING CURRENT VS TEMPERATURE 





POSITIVE DC SUPPLY VOLTS (V cc ) ■ + 6 
NEGATIVE DC SUPPLY VOLTS (Vpp) ■ -6 


t: 

- 



IT 



















QUIESCENT OPERATING CURRENT 

2 -- 

LLJ 

• TERMINALS No. 4 £ No. 5 
CONNECTED TO V EE 








S3 
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- 




«x 

rH • TERMINALS No. 4 £ No. 5 OPEN f 


_ 




f 

■ 
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■■ 
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™3 




±± 





-p 

H 

H 

H 

a 


E 

: 





■■ 



± 




-75 -50 -25 0 25 50 75 100 125 


FREE-AIR TEMPERATURE (T FA ) — ®C 

92CS-I35B4 



Fig. 5 


QUIESCENT OPERATING CURRENT RATIO 
VS TEMPERATURE 



9ZCS-I3304 


Fig. 6 


Fig. 7 
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TEST CIRCUIT FOR TYPE CA3004 

QUIESCENT OPERATING CURRENT, QUIESCENT 
OPERATING CURRENT RATIO, AND DEVICE 
DISSIPATION TEST CIRCUIT 



92CS-I3577 


P T = Vcc (I9 + IlO + Ill) + VeeI3 

Fig. 8 


TYPICAL DYNAMIC CHARACTERISTICS FOR TYPE CA3004 

POWER GAIN VS FREQUENCY NOISE FIGURE VS FREQUENCY 


POSITIVE DC SUPPLY VOLTS (V C C> * +6 
NEGATIVE DC SUPPLY VOLTS (V EE ) « -6 
FREE- AiR TEMPERATURE <T FA ) - 25*C 
SOURCE IMPEDANCE (R # ) - SO fl 

LOAO IMPEDANCE (Rl) • 50 Q 

1 

1 

1 

1 

1 

1 

“ 





V 







■i 






v 


















k 9 k 












HE 










"V 


KHI 





























































FREQUENCY (f)— Mc/« 

92C3- 13389 


POSITIVE DC SUPPLY VOLTS (V C c) » +6 
NEGATIVE DC SUPPLY VOLTS (V EE ) • -6 
FREE -AIR TEMPERATURE (T FA ) ■ 25*C 
SOURCE RESISTANCE (R t ) - 50 Q 


1 

1 

| 

| 

1 

I 








■ 



1 








■ 



s 








S 



1 

I 





> 

B 


■ 



1 





7^ 



■ 



1 








■ 



1 










1. 


10 100 


FREQUENCY (f)— Mc/» 

92CS- 13370 


Fig.9 


Fig. 10 


134 









Bf 


m 


COMMON- MODE REJECTION RATIO 
CMR» 20 L OG |q < A "J t2 M 0 3 ? i 
E d(rms) 

*A« SINGLE - ENDED VOLTAGE 





1.75 Mc/s 
AMPLIFIER 
GAIN: 0 TO 45 4B 




AGO RANGE • 20 LOG| 0 


A WITH S IN POSITION X 
3 A WITH S IN POSITION Y 
92CS-I3S8S 
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Solid State 
Division 


Linear Integrated Circuits 

CA3005 

CA3006 


RF Amplifiers 

Monolithic Silicon 


• Designed for use in Communications Equipment 

• Balanced Differential Amplifier Configuration with Controlled Constant-Current 
Source to Provide Unexcelled Versatility 


Push-Pull Input and Output 
Wide and Narrow Band Amplifier 
AGC 
Detector 

RF, IF, and Video 
Frequency Capability 


Operation from DC to 100 MHz 

Mixer 

Limiter 

Modulator 

Cascode Amplifier 



• Built-in Temperature Stability for Operation from -55° C to +125° C 

* Companion Application Note, ICAN 5022 “Application of RCA CA3004, CA3005, 
and CA3006 Integrated Circuit RF Amplifiers”, covers characteristics of 
different operating modes, noise performance, cross-modulation, mixer, AGC 
limiter, detector, and amplifier design considerations. 


SCHEMATIC DIAGRAM FOR CA3005 AND CA3006 



NOTE: Connect Terminal No. 9 to most 
positive dc supply voltage used for 
circuit. 


Fig. 1 
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CA3005, CA3006 


ABSOLUTE-MAXIMUM VOLTAGE LIMITS, at t fa = 25°C 

Voltage limits shown for each terminal can be applied under the indicated voltage conditions for other terminals. 
All voltages are with respect to GROUND (common terminal of Positive and Negative DC Supplies) 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 




7 

0 




8 

-6 

1 

- 3.5 

+ 3.5 

9 

+6 




10 

+ 6 




11 

+6 




12 

0 

2 

TEST POINT: DO NOT APPLY VOLTAGE FROM 1 



EXTERNAL SOURCE 





l 

0 




7 

0 




8 

-9.5 

3 

- 9.5 

0 

9 

+6 




10 

+6 




11 

+6 




12 

0 




1 

0 




7 

0 




8 

-6 

4 

-G 

0 

9 

+6 




10 

+6 




11 

+6 




12 

0 




1 

0 




7 

0 




9 

+6 

5 

-12 

0 

10 

+6 




11 

+ 6 




12 

0 




1 

0 




7 

0 




9 

+6 

6 

-6 

0 

10 

+6 




11 

+6 




12 

-6 




1 

0 




8 

-6 




9 

+6 

7 

- 3.5 

+ 3.5 

10 

+6 




11 

+6 




12 

0 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS | 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 




1 

0 




7 

0 




9 

+6 

8 

-12 

0 

10 

+6 




11 

+6 




12 

0 




1 

0 




7 

0 




8 

-6 

9 

0 

+12 

10 

+ 6 




11 

+6 




12 

0 




1 

0 




7 

0 




8 

-6 

10 

0 

±12 

9 

+ 6 




11 

+6 




12 

0 




1 

0 




7 

0 




8 

-6 

11 

0 

+12 

9 

+6 




10 

+6 




12 

0 




8 ! 

- 9.5 




9 

+6 

12 

- 9.5 

0 

10 

+6 




11 

+6 

CASE 

Internal Iv connected to Terminal No.8 (substrate) 1 



DO NOT GROUND 

1 


OPERATING-TEMPERATURE RANGE 

STORAGE-TEMPERATURE RANGE 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max 

MAXIMUM SINGLE-ENDED INPUT- 

SIGNAL VOLTAGE 

MAXIMUM COMMON-MODE INPUT- 

SIGNAL VOLTAGE 

MAXIMUM DEVICE DISSIPATION 


-55°C to +125°C 
-65 °C to +150°C 

+265 °C 
±3.5 V 

-2.5 V, +3.5 V 
300 mW 
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ELECTRICAL CHARACTERISTICS, at T A = 25° C, V cc = W, V EE = -6V 








LIMITS 

TYPICAL 

CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 
Terminals No.3,4,5, and 6 Not 

TEST 

CIRCUITS 

TYPE 

CA3005 

TYPE 

CA3006 


CHARAC- 

TERISTICS 

CURVES 



Connected Except Where Noted 

Fig. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Fig. 

STATIC CHARACTERISTICS | 

Input Offset Voltage 

V|0 


Fig.3 

- 

2.6 

5 

- 

0.8 

1 

mV 

Fig-2 

Input Offset Current 

Iio 


Fig. 4 

- 

1.4 

- 

- 

1.4 

- 

mA 

Fig.2 

Input Bias Current 

*IB 


Fig.4 

- 

19 

40 

- 

19 

40 

/xA 

Fig.5 



TERMINALS 











ho 

4 

5 










Quiescent 

Operating 

Current 

NC 

NC 

Fig.8 

_ 

1 

- 

_ 

1 

_ 

mA 

Fig.6 

hi 

NC 

-VEE 

Fig.8 

- 

2.7 

- 

- 

2.7 

- 

mA 

NONE 


-V E E 

NC 

Fig.8 

- 

0.45 

- 

- 

0.45 

- 

mA 

NONE 



-VEE 

-Vfe 

Fig.8 

_ 

1.25 

- 

- 

1.25 

- 

mA 

Fig.6 

Quiescent Operating 

Current Ratio 

ho 

hi 


Fig.8 

- 

1.05 

- 

- 

1.05 


- 

Fig.7 

Device Dissipation 

PT 


Fig.8 

- 

26 

- 

- 

26 

- 

mW 

NONE 

DYNAMIC CHARACTERISTICS I 



f = 

Cascode Configuration 

Fig. 10 

16 

20 

- 

16 

20 

- 

dB 

iFig.9 

Power Gain 

g p 

100 

MHz 

Differential-Ampt. 

Configuration 

Fig. 12 

.14 

16 

- 

14 

16 

- 

dB 

Fig. 11 



f = 

Cascode Configuration 

Fig. 10 

- 

7.8 

9 

- 

7.8 

9 

dB 

Fig; 13 

Noise Figure 

NF 

100 

MHz 

Differential Ampl. 
Configuration 

Fi g. 12 

- 

7.8 

9 

- 

7.8 

9 

dB 

Fig. 14 

Common-Mode 

Rejection Ratio 

CMR 

f = 1 kHz 

Fig. 16 

- 

101 

- 

- 

101 

- 

dB 

Fig. 15 

AGC Range (Max. Voltage 
Gain to Complete Cutoff) 

AGC 

f = 1.75 MHz 

Fig. 17 

-60 

- 

- 

-60 

- 

- 

dB 

NONE 


TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPES CA3005 AND CA3006 


INPUT OFFSET VOLTAGE AND CURRENT 



92C3-I33I7 


Fig. 2 


INPUT OFFSET VOLTAGE TEST CIRCUIT 
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TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPES CA3005 AND CA3006 


INPUT BIAS CURRENT 


QUIESCENT OPERATING CURRENT 



92CS-I33I5 



92CS-I35I8 


Fig-4 


Fig. 5 


QUIESCENT OPERATING CURRENT RATIO 



FREE-AIR TEMPERATURE (T FA )— *C 

92CS-I33I9 

Fig. 6 
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TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPES CA3005 AND CA3006 


POWER-GAIN (CASCODE CONFIGURATION) POWER-GAIN (DIFFERENTIAL-AMPLIFIER 

. , CONFIGURATION) 
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CA3005, CA3006 


TYPICAL DYNAMIC CHARACTERISTICS FOR TYPES CA3005 AND CA3006 


100-Mc/s NOISE FIGURE VS. V £E (CASCODE 
CONFIGURATION) 


CASCODE CONFIGURATION j 















r 


FREE -AIR TEMPERATURE <T FA ) • 25*C 
FREQUENCY (f) ■ 100 Mc/« 








I 











SOURCE RESISTANCE (R,) • 50 Q 
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r e 
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5 6 
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-2 -3 -4 -5 -6 -7 -8 -9 -10 

NEGATIVE DC SUPPLY VOLTS (V EE ) 

92CS-I3383 


100 Mc/s NOISE FIGURE VS. V EE (DIFFERENTIAL 
AMPLIFIER CONFIGURATION) 







DIFFERENTIAL-AMPLIFIER CONFIGURATION 
POSITIVE DC SUPPLY VOLTS (V cc ) • +6 
FREE-AIR TEMPERATURE (Tfa) - 25*C 
FREQUENCY (t) - 100 Mc/» 

SOURCE RESISTANCE (R t ) - 30 U 
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:: 








iz 
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NOISE FIGURE (NF) 

Ol 0> •>! 05 
















































































































































































































































































■I -2 -3 -4 -3 -6 -7 -8 -9 -10 

NEGATIVE DC SUPPLY VOLTS (V E £> 


Fig. 11 


COMMON-MODE-REJECTION RATIO 



92CS-I33I3 



Fig. 13 


AGC RANGE TEST CIRCUIT 


# A* SINGLE- ENDED VOLTAGE GAIN 
WCM-IS-.S* 



Fig. 14 


Fig. 15 
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File No. 126 

Linear Integrated Circuits 

Solid State 

Division CA3007 




AF Amplifier 

• Designed for use in Sound Systems and Communication Equipment 

• Balanced differential-amplifier configuration with control led constant- 
current source provides for both audio ampl i fi cation and phase inversion 

• Built-in temperature stability for operation from -55°C to +I25°C 

• Eliminates need for audio driver transformer 

• Companion Application Note, ICAN 5037 "Application of the RCA-CA3007 
Integrated Circuit Audio Driver" covers design of a dual supply audio 
driver in a direct-coupled audio ampl i fi er, and a single supply audio 
driver in a capacitor-coupled audio amplifier 


HIGHLIGHTS 

• Input Impedance. ... 4 kft typ. 

• Output Impedance ... 60 Cl typ. 

• Power Gain 22 dB typ. 

• Push-Pull Input & Output 

• Direct Coupling to Class B Audio 
Output Stage 


APPLICATIONS 

• Audio Ampl if ier 

• Audio Driver 


SCHEMATIC DIAGRAM 
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CA3007 


ABSOLUTE-MAXIMUM YOLTAGE LIMITS, at t a =25°C 

Indicated voltage limits for each terminal can be applied under the specified operating conditions for other terminals. 
All voltages are with respect to ground (~VCC« + VEE* or common terminal of Positive and Negative DC supplies). 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 




2 

0 




3 

-6 




6 

0 

8 

•2 

0 

7 

0 




9 

46 




11 

0 




2 

0 




3 

-6 

9 

0 

+10 

6 

0 




7 

0 




11 

0 




2 

0 




3 

-6 




6 

0 

10 

-2 

0 

7 

0 




9 

■*€ 




11 

0 




1 

0 




2 

0 




3 

-6 

11 

-2.5 

+2.5 

6 

0 




7 

0 




9 

■*6 




2 

0 




3 

-6 




6 

0 

12 

-2 

0 

7 

0 




9 

■*6 




11 

0 

CASE 

INTERNALLY CONNECTED TO TERMINAL 


No.3 (SUBSTRATE) DO NOT GROUND 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 




2 

0 




3 

-6 




6 

0 

1 

-2.5 

+2.5 

7 

'0 




9 

■*6 




11 

0 




3 

-8 




6 

0 

2 

-8 

0 

7 

0 




9 

<6 




11 

0 




6 

0 




7 

0 

3 

-10 

0 

9 

+6 




11 

0 




6 

0 




7 

0 

4 

-8.5 

0 

9 

■*6 




11 

0 




2 

0 




3 

-6 

5 

-2.5 

+2.5 

6 

7 

0 

0 




9 

46 




11 

0 




2 

0 




3 

-6 

6 

-3 

0 

7 

0 




9 

■*6 




11 

0 




1 

0 




2 

0 




3 

-6 

7 

-2.5 

+2.5 

5 

0 




6 

0 




9 

+6 


OPERATING-TEMPERATURE RANGE -55°C to +I25°C 

STORAGE-TEMPERATURE RANGE -65°C to +150°C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM SINGLE-ENDED INPUT- 

SIGNAL VOLTAGE ±2.5 V 

MAXIMUM COMMON-MODE INPUT- 

SIGNAL VOLTAGE ±2.5 V 

MAXIMUM DEVICE DISSIPATION 300 mW 


143 





CA3007 File No. 126 

ELECTRICAL CHARACTERISTICS, at TpA =25°C, V C C = +6 V, VeE =-6 V, 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 
Pin 4 Not Connected Unless 
Otherwise Noted 

TEST 

CIRCUITS 

Fig. 

LIMITS 

TYPE 

CA3007 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

Min. 

Typ. 

Max. 

Units 

Fig. 

| STATIC CHARACTERISTICS 



Input Unbalance Voltage 

V IU 


3 

- 

0.57 

5 

mV 

2 

Input Unbalance Current 

»IU 


3 

- 

0.57 

5 


2 

Input Bias Current 

'I 


3 

- 

11 

34 

VA 

4 

Quiescent Operating 
Voltage 

Vs or V10 


3 

_ 

0.87 

_ 

V 

5 

Device Dissipation 

P T 


3 

- 

30 

- 

mW 

NONE 

DYNAMIC CHARACTERISTICS 


Power Gain 

G P 

f = 1 Kc/s 

6 

20 

22 


dB 

NONE 

Total Harmonic 

Distortion 

THD 

f = 1 Kc/s 

6 

. 

0.28 


% 

NONE 

Input Impedance 

Z IN 

f = 1 Kc/s 

7 


4K 


Q 

NONE 

Common-Mode 

Rejection .Ratio 

CMR 

f = 1 Kc/s 

9(A) 

9(B) 

- 

77 

- 

dB 

8 


TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUIT FOR CA3007 


INPUT UNBALANCE VOLTAGE AND CURRENT 
vs TEMPERATURE 



92CS-I3377 


Fig. 2 


INPUT UNBALANCE VOLTAGE & CURRENT, INPUT BIAS 
CURRENT, QUIESCENT OPERATING VOLTAGE, AND 
DEVICE DISSIPATION TEST CIRCUIT 



92CS- 13601 


Rl and R 2 matched to ±1%. 

P T = Vcc ! 9 + VeE ! 3 

Ig = Direct Current into Terminal No.9 
I 3 = Direct Current out of Terminal No.3 

Fig. 3 
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CA3007 


INPUT BIAS CURRENT vs TEMPERATURE QUIESCENT OPERATING VOLTAGE vs TEMPERATURE 




92CS-I3375 92CS-I3372 


Fig. 4 Fig. 5 

TYPICAL DYNAMIC TEST CIRCUITS FOR CA3007 


POWER GAIN AND TOTAL HARMONIC DISTORTION 
TEST CIRCUIT 



92CS-I3602 

T (Output Transformer): 

Primary Impedance = 2000 Cl C.T. 

Secondary Impedance = 16 Cl 
Efficiency =45% approx. 

(STANCOR TYPE TA-10 OR EQUIVALENT) 

Fig. 6 


INPUT IMPEDANCE TEST CIRCUIT 
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TYPICAL DYNAMIC CHARACTERISTIC AND TEST CIRCUITS FOR CA3007 


COMMON-MODE REJECTION RATIO vs TEMPERATURE 



COMMON-MODE REJECTION-RATIO TEST CIRCUITS 



92CS- 13600 


(A) Single-Ended Differential Voltage Gain 



*A • SINGLE -ENOED VOLTAGE GAIN 


(B) Common-Mode Voltage Coin 







File No. 316 


Solid State 
Division 


Linear Integrated Circuits 

CA3008 CA3015 CA3030 

CA3010 CA3016 CA3037 

CA3029 CA3038 


Operational Amplifiers 

Monolithic Silicon 


6-VOLT TYPES 
CA3008 
CA3010 
CA3029 
CA3037 


12-VOLT TYPES 
CA3016 
CA3015 
CA3030 
CA3038 


PACKAGE 
14-Load Flat Pack 
12-Load TO-5 Stylo 

14-Lead Plastic Dual In-Line (TO-116) 
14-Lead Ceramic Dual In-L ine (TO-1 16) 


1 All types are electrically identical within their voltage groups 
Designed for use in Telemetry, Data-Processing, Instrumentation, and 
Communication Equipment 

Built-in temperature stability from -55°C to +125°C for flatpack, TO-5 
style, and ceramic dual in-line packages; 0°C to +70°C for plastic dual 
in-line package 

Companion Application Notes ICAN-5290, “Integrated Circuit Operational 
Amplifiers”; ICAN-5213, “Application of the RCA-CA3015, CA3016 In- 
tegrated Circuit Operational Amplifiers”; and ICAN-5015, “Application 
of the RCA-CA3008, CA3010 Integrated Circuit Operational Amplifiers” 

HIGHLIGHTS 


III 


ficAj 

|| 

III 




CA3010 


CA3008 

CA3016 


CA3015 



CA3029, CA3030 


CA3037, CA3038 


• Open-Loop Voltage Gain 

6 V Types 

60 

12 V Types 

70 

dB typ. 

APPLICATIONS 

• Common-Mode Rejection Ratio 

94 

103 

dB typ. 

• Narrow-Band and Band- 

• Oscillator 

* Output Impedance 

200 

92 

n typ. 

pass Amplifier 

* Comparator 

* Input Offset Voltage 

1 

1 

mV typ. 

* Operational Functions 

• Servo Driver 

• Static Power Drain at ± 12 V 

- 

175 

mW typ. 

* Feedback Amplifier 

* Scaling Adder 

± 6 V 

30 

30 

mW typ. 

• DC and Video Amplifier 

• Balanced 

± 3 V 

7 

7 

mW typ. 

• Multivibrator 

Modulator- Driver 


schematic diagrams 
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CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038 . 
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ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, Ta = 25°C 

Voltage or current limits shown for each terminal can be applied under the indicated 
voltage or other circuit conditions for other terminals 
All voltages are with respect to ground (common terminal, of Positive and Negative DC Supplies) 


CA3008 
CA3010 CA3029 


Voltage or Current 
Limits 


Circuit Conditions 


DO NOT APPLY VOLTAGE FROM AN EX- 
TERNAL SOURCE TO THIS TERMINAL 



DO NOT APPLY VOLTAGE FROM AN EX- 
TERNAL SOURCE TO THIS TERMINAL 


DO NOT APPLY V0LTAGE FROM AN EX- 
TERNAL SOURCE TO THIS TERMINAL 



10 

13 

0 V 

+10 V 

11 

14 

OV 

+7 V 



Internally connected to Terminal No.4, 
CA3010 (Substrate) DO NOT GROUND 


CA3016 
CA3015 CA3030 


Voltage or Current 
Limits 


Circuit Conditions 



Internally connected to Terminal No.4, 
CA3015 (Substrate) DO NOT GROUND 


CA3008 CA3010 

CA3016 CA3015 CA3029 CA3016 CA3015 CA3008 CA301 

CA3037 CA3038 CA3030 CA3030 CA3038 CA3029 CA3(K 

OPERATING TEMPERATURE RANGE . . -55°C to +125°C -40°C to <85 °C MAXIMUM SIGNAL VOLTAGE -8Vto+l V -4 V to +1 V 

STORAGE TEMPERATURE RANGE.... -65°C to +150°C -65°C to +150°C MAXIMUM DEVICE DISSIPATION 600 mW 300 mW 
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File No. 316 CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038 


ELECTRICAL CHARACTERISTICS at Ta = 25°C 


Characteristics 

Symbols 

Special Test Conditions 
Terminal No.8 (CA3 0 08, 

CA3016, CA3029, CA3030, 
CA3037, CA3038) 

Terminal No.5 (CA3010, 

CA3015) Not Connected 

Unless Otherwise Specified 

Test 

Cir- 

cuit 

CA3008 

CA3010 

CA3029 

CA3037 

CA3016 

CA3015 

CA3030 

CA3038 

Units 

Typical 

Charac- 

teristic 

Curves 

Fig. 

Min. 

Typ. | Max. 

Min. | Typ. | Max. 

Fig. 

STATIC CHARACTERISTICS: | 

Input Offset Voltage 

Vio 

VCC = +6V, Vee = *6V 

= +12V = -12V 

4 


1.08 

5 


1.37 

5 

mV 

2 

Input Offset Current 

lio 

= +6V = -6V 

= +12V = -12V 

5 


0.54 

5 


1.07 

5 

M 

2 

Input Bias Current 

'lB 

= +6V = -6V 

= +12V = -12V 

5 


5.3 

12 


9.6 

24 


3 

Input Offset Voltage 
Sensitivity: Positive 

Negative 

AV| 0 /AVcc 

AV| 0 /AV EE 

= +6V = -6V 

= +12V = -12V 

= +6V =-6V 

= +12V = -12V 

4 

- 

0.10 

0.26 

1 

1 


0.096 

0.156 

0.5 

0.5 

mV/V 

none 

Device Dissipation 

P D 

= +6 V = -6 V 

= +12V = -12V 

4 

- 

30 

; 


175 

; 

mW 

none 

[5] shorted to [9] 

8 shorted to 12 


102 

* 


500 


DYNAMIC CHARACTERISTICS: All tests at f = 1 kHz except BWql | 

Open-Loop Differential 
Voltage Gain 

a 0L 

vcc = +6V, vee = *6V 

= +12V = -12V 

8 

57 

60 


66 

70 


dB 

6 & 7 

Open-Loop Bandwidth 
at -3 dB Point 

bw ol 

tl II 

+ + 

• O') 

II 1! 

cn 

8 

200 

300 


200 

320 

- 

kHz 

6 & 7 

Common-Mode Rejection 
Ratio 

CMRR 

Vcc = +6V, Vee = -6V 

= +12V = -12V 

11 

70 

94 

. 

80 

103 

- 

dB 

12 

Maximum Output-Voltage 
Swing 

Vo(P-P) 

= +6V = -6V 

= +12V = -12V 

8 

4 

6.75 


12 

14 

. 

Vp.p 

9 & 10 

Input Impedance 

Z IN 

= +6V = -6V 

= +12V = -12V 

14 

10 

14 


5 

7.8 


kfi 

13 

Output Impedance 

ZOUT 

= +6V = -6V 

= +12V = -12V 

15 


200 



92 

- 

n 

16 

Common-Mode 

Input-Voltage Range 

V ICR 

= +6V = -6V 

= +12V = -12V 

ii 

0.5 

to 

-4 

- 

- 

; 0.65 

tOr 

-8' 



V 

none 


LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 
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CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038 File No. 316 


TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008, CA3016, CA3029 , CA3030, CA3037, CA3038 ; 
Italic Numbers in Square Boxes are for CA3010 , CA3015 

INPUT OFFSET VOLTAGE AND CURRENT INPUT BIAS CURRENT 




INPUT OFFSET VOLTAGE, INPUT OFFSET VOLTAGE 
SENSITIVITY, AND DEVICE DISSIPATION TEST CIRCUIT 



92CS-I4855 

Fig. 4 


INPUT OFFSET CURRENT AND INPUT BIAS CURRENT 
TEST CIRCUIT 


v cc 



92CS-I4854 


Fig. 5 


Procedure: 

Input Offset Voltage 

1. Adjust Ve for a DC Output Voltage (Vqut) of 0 ± 0.1 volts. 

2. Measure Ve and record Input Offset Voltage in millivolts as 
Ve/1000. 


Input Offset Voltage Sensitivity 

1. Adjust Vc for a DC Output Voltage (Vqut) of 0 ± 0.1 volts. 

2. Increase | Vcc I by 1 volt and record output voltage (Vqut) • 

3. Decrease | Vcc I by 1 volt and record output voltage (Vouj) • 

4. Divide the diference between Vqijt measured in steps 2 and 3 by the 
change in Vcc in steps 2 and 3. 

v OUT _ v OUT (Step 2) - Vp UT (Step 3) 

Vcc 2 volts 

5. Refer the reading to the input by dividing by Open Loop Voltage 
Gain (Aql) • 


v io/vcc = 


V 0UT/Vcc 

a ol 


6. Repeat procedures 1 through 5 for the Negative Supply (Vee) . 

7. Device Dissipation 
Pt = v CClC + V E £lE 

1C = Direct Current into Terminal(l3)or |joj 
lE = Direct Current out of Terminal(6)or 0 


Procedure: 


Input Bias Current and Input Offset Current 

1. Adjust Ve for | Vqut I < 0.1 V DC. 

2. Measure and record Ve and Vj^. 

3. Calculate the Input Bias Current using the following equation: 


*14 = 


VIN4 


100 kfi 

4. Calculate the Input Offset Current using the following equation: 
«IO = V E/100 kO 
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VOLTS [Vo(P-P)] 


CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038 


File No. 316 


TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008, CA3016 , CA3029 , CA3030, CA3037, CA3038 ; 
Italic Numbers in Square Boxes are for CA3010, CA3015 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE vs. LOAD RESISTANCE 
FOR CA3029 AND CA3030 




COMMON-MODE REJECTION RATIO AND COMMON-MODE 
INPUT-VOLTAGE-RANGE TEST CIRCUIT 


Vcc 



Procedures: 

Common-Mode Rejection Ratio: 

1. Set Vbias = 0. Adjust Ve for Vqut( dc ) = 0 ± 0.1 V. 

2. Apply 1-kHz sinusodial input signal and adjust for V$ = 0.3 V 
(RMS). 

3. Measure and record the RMS value of Vqijt- An oscilloscope is 
used for this measurement so that the output signal may be visu- 
ally separated. from noise output. 

4. Calculate Common-Mode Voltage Gain: 

a CM = vout/Vs 

Aqm in dB = -20 LOGio Vs/VquT 

5. Calculate Common-Mode Rejection Ratio: 

CMR in dB = Aqiff in dB - A CM in dB * 

Common-Mode Input-Voltage Range: 

1. Calculate and record CMR for various positive and negative values 
of VgiAS within the maximum limits shown on Page 2. The Com- 
mon-Mode Input-Voltage Range limits are those values of VriaS 
at which CMR is 6 dB less than that calculated in Step 5 of the 
procedure given above. 


COMMON-MODE REJECTION RATIO vs. FREQUENCY 







File No. 316 CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038 

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 

Italic Numbers in Square Boxes are for CA3010, CA3015 

SINGLE-ENDED INPUT IMPEDANCE vs. TEMPERATURE SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT 




Fig. 13 

OUTPUT IMPEDANCE TEST CIRCUIT 
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File No. 310 



Solid State 
Division 


Linear Integrated Circuits 

CA3008A CA3015A CA3030A 

CA3010A CA3016A CA3037A 

CA3029A CA3038A 


Operational Amplifiers 

Monolithic Silicon 


6-VOLT TYPES 12-VOLT TYPES 


PACKAGE 


CA3008A 

CA3010A 

CA3029A 

CA3037A 


CA3016A 14-Lead Flat Pack 

CA3015A 12-Lead TO-5 Style 

CA3030A 14-Lead Plastic Dual In-Line (TO-116) 

CA3038A 14-Lead Ceramic Dual In-Line (TO-116) 


• These new types have all the desirable features and characteristics of 
their prototypes plus lower noise figures and improved input character- 
istics for offset voltage, offset cun-ent, bias current, and impedance. 

• All types are electrically identical within their voltage groups 

• Designed for use in Telemetry, Data-Processing, Instrumentation, and 
Communication Equipment 

• Built-in temperature stability from -55°C to +125°C for Flatpack, TO-5 
style, and ceramic dual in-line packages; 0°C to +70°C for plastic dual 
in-line package 



CA3008A, CA3016A 


Companion Application Notes ICAN-5290, “Integrated CircuitOperational 
Amplifiers”; ICAN-5213, “Application of the RCA-CA3015, CA3016 In- 
tegrated Circuit Operational Amplifiers”; and ICAN-5015, “Application 
of the RCA-CA3008, CA3010 Integrated Circuit Operational Amplifiers” 
cover Bode characteristics, phase compensation, frequency shaping, and 
amplifier design. 

HIGHLIGHTS 

6 V Types 12 V Types 



• Open-Loop Voltage Gain 

60 

70 

dB typ. 

• Common-Mode Rejection Ratio . . 

94 

103 

dB typ. 

• Input Impedance 

20 

10 

k typ. 

• Input Offset Voltage 

0.9 

1 

mV typ. 

• Input Offset Current 

0.3 

0.5 

A typ. 

• Input Bias Current 

2.5 

4.7 

A typ. 

• Static Power Drain at • 12V . . . 


175 

•mW typ. 

at • 6V .... 

30 

30 

mW typ. 

at 3V 

7 

7 

mW typ. 


CA3029A, CA3030A CA3037A, CA3038A 

APPLICATIONS 

• Narrow. Bond and Band- • Oscillator 

pass Amplifier • Comparator 

0 Operational Functions • Sarvo Driver 

• Feedback Amplifier • Scaling Adder 

a DC and Video Amplifier • Balanced 

• Multivibrator Modulator-Driver 
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File No. 310 CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A 

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, Ta = 25°C 

Voltage or current limits shown for each terminal can be applied under the indicated 
voltage or other circuit conditions for other terminals 
All voltages are with respect to ground (common terminal of Positive and Negative DC Supplies) 


Terminal 

Voltage or Current 



1 


CA3008A 

Limits 

Circuit Conditions 

CA3010A 

CA3029A 

Nega- 

tive 

Posi- 




CA3037A 

tive 

Terminal 

Voltage 

12 


DO NOT APPLY VOLTAGE FROM AN EX- 


TERNAL SOURCE TO THIS TERMINAL 






CA3008A 

CA3029A 






o 

> 

> 

CA3037A 


1 

2 

•8 V 

ov 

4 

6 

-8 




10 

13 

+6 





1 

2 

0 

2 

3 

-4 V 

+1 v 

3 

4 

0 





4 

6 

-6 





10 

13 

+6 





1 

2 

0 

3 

4 

•4 V 

+1 V 

2 

3 

0 





4 

6 

-6 





10 

13 

+6 


5 

NO CONNECTION [ 

4 

6 

-10 V 

0 V 

1 

2 

0 





10 

13 

+6 


7 

NO CONNECTION 

5 

g 

DO NOT APPLY VOLTAGE FROM AN EX- 


TERNAL SOURCE TO THIS TERMINAL 

g 

9 

DO NOT APPLY VOLTAGE FROM AN EX- 


TERNAL SOURCE TO THIS TERMINAL 

■ 

■ 1 



n 

n 



m ■ 







mm 







n 

DO NOT APPLY VOLTAGE FROM AN EX- 


TERNAL SOURCE TO THIS TERMINAL 


mm 



4 

6 

MU 





10 

13 

mm 

9 


30 mA 

200 Cl Between Terminals 

6 & 12 (CA3008A, 





CA3029A. CA3037A) 






4 & 9 (CA3010A) 


n 

o 

mm 

R' '■ 

MU 

MU 

■9 

■■ 

mm 

■w 

■m 

■■ 

MM 

■ 

H 

H 

■ 

■ 

mm 

2 

0 






6 

-6 

■ 

H 

wm 



13 

+6 



Internally connected to Terminal No. 4, 

CASE 

CA3010A (Substrate) DO NOT GROUND 


Terminal 

Voltage or Current 





CA3016A 

Limits 

Circuit Conditions 

CA3015A 

CA3030A 

Nega- 

tive 

Posi- 




CA3038A 

tive 

Terminal 

Voltage 

12 


DO NOT APPLY VOLTAGE FROM AN EX- 


TERNAL SOURCE TO THIS TERMINAL 





CA3015A 

CA3016A 

CA3030A 

CA3038A 


1 

2 

-16 V 

0 V 

4 

6 

-16 


10 

13 

+12 





1 

2 

0 

2 

3 

-8 V 

+1 V 

3 

4 

0 


4 

6 

-12 





10 

13 

+12 





1 

2 

0 

3 

4 

-8 V 

+1 V 

2 

3 

0 




4 

6 

-12 





10 

13 

+12 


5 

NO CONNECTION [ 

4 

6 

-20 V 

0 V 

1 

2 

0 





10 

13 

+12 


7 

NO CONNECTION 

5 ; 

Q 

DO NOT APPLY VOLTAGE FROM AN EX- 

O 

TERNAL SOURCE TO THIS TERMINAL 

c 

9 

DO NOT APPLY VOLTAGE FROM AN EX- 

O | 

TERNAL SOURCE TO THIS TERMINAL 





1 

2 

0 


10 

0 V 

+14 V 

4 

6 

-12 





10 

13 

+12 


11 

DO NOT APPLY VOLTAGE FROM AN EX- 


TERNAL SOURCE TO THIS TERMINAL 





4 

6 

-12 





10 

13 

+12 


12 

30 mA 

400 T2 Between Terminals 





6 & 12 (CA3016A, 






CA3030A, CA3038A) 





4 & 9 (CA3015A) 


10 

13 

0 V 

+20 V 


2 

0 





4 

6 

-12 



■1 


■ 


0 







-12 



NN 




+12 



Internally connected to Terminal No.4, 

CASE 

CA3015A (Substrate) DO NOT GROUND 


CA3008A CA3010A 





CA3016A CA3015A 

CA3029A 

CA3Q16A 

CA3015A 

CA30Q8A CA3010A 

CA3037A CA3038A 

CA3030A 

CA3030A 

CA3038A 

CA3029A CA3037A 

OPERATING TEMPERATURE RANGE . . -55°C to +125°C 

40°C to +80°C 

MAXIMUM SIGNAL VOLTAGE 

-8 V to +1 V 

-4 V to +1 V 

STORAGE TEMPERATURE RANGE. . . . -65°C to +200°C 

-65 °C to +150°C 

MAXIMUM DEVICE DISSIPATION 

600 mW 

300 mW 
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CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A File No. 310 


ELECTRICAL CHARACTERISTICS at Ta = 25 °C 


Characteristics 

Symbols 

Special Test Conditions 
Terminal No.8 (CA3008A, 
CA3016A, CA3029A, CA3030A, 
CA3037A, CA3038A), 

Terminal No.5 (CA3010A, 
CA3015A) Not Connected 
Unless Otherwise Specified 

Test 

Cir- 

cuit 

CA3008A 

CA3010A 

CA3029A 

CA3037A 

CA3016A 

CA3015A 

CA3030A 

CA3038A 

Units 

Typical 

Charac- 

teristic 

Curves 

Fig. 

Min. | Typ. | Max. 

Min. | Typ. | Max. 

Fig. 

STATIC CHARACTERISTICS: | 

Input Offset Voltage 

V|0 

VCC = ■•6 V, VEE = *6V 
= +12V = -12 V 

4 


0.9 

2 


' 

1 

2 

mV 

2 

Input Offset Current 

Ho 

= +6V = -6V 

= +12V = -12V 

5 


0.3 

1.5 


0.5 

1.6 


2 

Input Bias Current 

'lB 

= +6V = -6V 

= +12V = -12V 

5 


2.5 

4 


4.7 

6 


3 

Input Offset Voltage 
Sensitivity: Positive 

Negative 

AV| 0 /AVCC 

AV|o/AVee 

= +6V = -6V 

= +12V = -12V 

= +6V =-6V 

= +12V = -12V 

4 


0.10 

0.26 

1 

1 


0.096 

0.156 

0.5 

0.5 

mV/V 

none 

Device Dissipation 

?D 

= +6 V = -6 V 

= +12V = -12V 

4 


40 



175 


mW 

none 

fg shorted to GO V § EE \ +6 6 v 

8 shorted to 12 


102 



500 


DYNAMIC CHARACTERISTICS: All tests at f = 1 kHz except BWql | 

Open-Loop Differential 
Voltage Gain 

a 0L 

VCC = +6V, Vee = -6V 
= +12V = -12V 

8 

57 

60 


66 

70 


dB 

6 & 7 

Open-Loop Bandwidth 
at -3 dB Point 

bw ol 

= +6V = -6V 

= +12V = -12V 

8 

200 

300 


200 

320 

- 

kHz 

6 & 7 

Slew Rate 

SR 

Vcc = + 6V Vee = -6V 
= +12V = -12V 

Rs = 

1 kQ 

none 


3 



7 


V/yUS 

none 

Common-Mode Rejection 
Ratio 

CMR 

Vcc = +6V, VEE = -6V 
= +12V = -12V 

11 

70 

94 


80 

103 

- 

dB 

12 

Maximum Output-Voltage 
Swing 

v 0 (P-P) 

= +6V = -6V 

= +12V = -12V 

8 

4 

6.75 


12 

14 


Vp.p 

9 & 10 

Input Impedance 

Z IN 

= +6V = -6V 

= +12V = -12V 

14 

15 

20 


7.5 

10 


kQ 

13 

Output Impedance 

ZOUT 

= +6V = -6V 

= +12V = -12V 

15 


160 



85 


Q 

16 

Common-Mode 

Input-Voltage Range 

V ICR 

= +6V = -6V 

= +12V = -12V 

11 

+0.5 

-4 


* 

-fO.65 

-8 



V 

none 

Noise Figure 

NF 

H 


I 

1 



1 


H 

dB 



LEAD TEMPERATURE (During Soldering): ALL TYPES 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max! +265°C 


LEAD TEMPERATURE (During Soldering): ALL TYPES 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max! +265°C 
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File No. 310 CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A 


TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008A, CA3016A , CA3029A, CA3030A , CA3037A , CA3038A; 
Italic Numbers in Square Boxes are for CA3010A, CA3015A 


INPUT OFFSET VOLTAGE AND CURRENT 


INPUT BIAS CURRENT 


POSITIVE DC SUPPLY VOLTS (V C c) 


NEGATIVE DC SUPPLY VOLTS (V EE ) 



-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE Oa) — *C 

92CS-I4846 


Fig. 2 



POSITIVE DC SUPPLY VOLTS (Vcc 

t 
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B 

Bl 
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Bl 
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■■i 




ai 
















T 







s 75 

n 




Bl 








IB 

Bl 





IBI 


Bl 







mm 

■ 


'SI 


Bl 









S! 

s 















XL 

XL 

X 

X 







1 

ana rsm 















IBI 

IB 

■i 


■j 


M 

Bl 

IB 




















9P 

B 













H 







| 


IB 



Bl 


Bl 

IB 









£1 

B 



Is 

B 

B 

B 


Bl 

Bl 

Bl 

IBI 
IBI 
IB j 

la 

IB 

IB 


Bl 

B 

B 











IBI 

IBI 

IBI 

IBI 

IBI 

IBI 

IB 

IB 

Bl 

Bl 

Bl 



B 

a 

a 

■ 

B 

B 

Bl 

ia 

IB 

IB 

s 

B 

IB 

IB 

Si 

Bl 

iii 

IBI 

IB 

IB 

■ 

B 

a 


B 

5 

!I! 

iii 

IBI 

iii 









IBI 

IBI 

IB 

Bl 



a 

B 

Bl 

IB 

B 

IB 

Bl 

IBI 

IB 

B 


B 

IBI 

IBI 


1 





Qi 

J_L 

XI 

XI 

X 

J- 

X 

X 

X 

X 

X 

X 

JL 

X 

X 

XL 

X 

_ 

X 

XI 

XL 

XL 

X 

X 






-75 -50 -25 0 25 . 50 75 100 125 

AMBIENT TEMPERATURE Ha) — *C 

92CS-I4847 


Fig. 3 


INPUT OFFSET VOLTAGE, INPUT OFFSET VOLTAGE 
SENSITIVITY, AND DEVICE DISSIPATION TEST CIRCUIT 



92CS-I4855 

Fig. 4 


INPUT OFFSET CURRENT AND INPUT BIAS CURRENT 
TEST CIRCUIT 

v cc 



92CS-I4854 


Fig. 5 


Procedure: 

Input Offset Voltage 


1. Adjust Ve for a DC Output Voltage (Vqut) of 0 ± 0.1 volts. 

2. Measure Ve and record Input Offset Voltage in millivolts as 
Ve/1000. 


Input Offset Voltage Sensitivity 

1. Adjust Vf for a DC Output Voltage (Vqut) of 0 ± 0.1 volts. 

2. Increase I Vcc I by 1 volt and record output voltage (Vout)* 

3. Decrease | Vcc I by 1 volt and record output voltage (Vqut) • 

4. Divide the diference between Vqut measured in steps 2 and 3 by the 
change in Vcc in steps 2 and 3. 

v 0UT _ v 0UT ( Ste P 2 ) * v 0UT (Step 3) 

Vcc 2 volts 

5. Refer the reading to the input by dividing by Open Loop Voltage 
Gain (Aql). 


V l0/Vcc = 


v OUT/ v CC 

a ol 


6. Repeat procedures 1 through 5 for the Negative Supply (Vee)- 

7. Device Dissipation 
P T = VccIC + Vee'E 

IC = Direct Current into Terminal 13 or ^ 
lE = Direct Current out of Terminal 6 or 0 


Procedure: 

Input Bias Current and Input Offset Current 

1. Adjust Ve for | Vqut I < 0.1 V DC. 

2. Measure and record Ve and V|^ 

3. Calculate the Input Bias Current using the following equation: 

v m 4 

14 ' 100 kfi 

4. Calculate the Input Offset Current using the following equation: 

l, 0 = Ve/ 100 kQ 
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OPEN -LOOP VOLTAGE GAIN (AO|_>-dB 


CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A . File No. 310 


TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008A, CA3016A, CA3029A , CA3030A, CA3037A, CA3038A; 
Italic Numbers in Square Boxes are for CA3010A, CA3015A 


OPEN LOOP VOLTAGE GAIN vs. FREQUENCY 
FOR CA3008A, CA3010A, CA3015A, CA3016A, 
CA3037A, CA3038A 


OPEN LOOP VOLTAGE GAIN vs. FREQUENCY 
FOR CA3029A AND CA3030A. 


POSITIVE DC SUPPLY VOLTS (Vcc) 
NEGATIVE DC SUPPLY VOLTS (V EE ) 
SOURCE RESISTANCE (RsMKfi 
TERMINAL No. 8 O OPEN 


AMBIENT TEMPERATURE (T A )-55«C 


FREQUENCY (f ) — MHz 

Fig. 6 


POSITIVE DC SUPPLY VOLTS (Vcc> 
NEGATIVE DC SUPPLY VOLTS (V EE ) 
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Fig. 7 


OPEN-LOOP DIFFERENTIAL VOLTAGE GAIN, MAXIMUM PEAK-TO-PEAK OUTPUT 
VOLTAGE, AND OPEN-LOOP BANDWIDTH AT -3 POINT TEST CIRCUIT 


ICUT ">— (12)- 

<El(6>3p.. A F 

(§> T x 


VOLTMETER 
(BALLANTINE 
TYPE 314 
OR 

EQUIVALENT) 
t (RMS) I 


Procedure: 

1. Adjust Vg for VoUT = ±0.1 V DC. 

2. Measure Open-Loop Differential Voltage Gain (Aql) at f = 1 kHz 

A Ql = 20 Log 10 

3. Measure Maximum Peak-to-Peak Output Voltage at f = 1 kHz 

4. Measure Open-Loop Bandwidth at -3 dB Point 

Reference Level = Aq l at 1 kHz 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE vs. LOAD RESISTANCE 
FOR CA3008A, CA3010A, CA3015A, CA3016A, CA3037A, CA3038A 

17.51 POSITIVE DC SUPPLY VOLTS (Vcc) 
NEGATIVE DC SUPPLY VOLTS (V EE ) 
TERMINAL No. 8 ® OPEN 
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File No. 310 CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A 

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A; 

Italic Numbers in Square Boxes are for CA3010A, CA3015A 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE vs. LOAD RESISTANCE 
FOR CA3029A AND CA3030A 




COMMON-MODE REJECTION RATIO AND COMMON-MODE 
INPUT-VOLTAGE-RANGE TEST CIRCUIT 


Vcc 



Procedures: 

Common-Mode Rejection Ratio: 

1. Set V B | AS = 0. Adjust V E for V 0 UT(DC) = 0 ± 0.1 V. 

2. Apply 1-kHz sinusodial Input signal and adjust for V$ = 0.3 V 
(RMS). 

3. Measure and record the RMS value of Vqijt- An oscilloscope is 
used for this measurement so that the output signal may be visu- 
ally separated.from noise output. 

4. Calculate Common-Mode Voltage Gain: 

A CM = Vout/Vs 

Acm in dB = -20 LOGio Vs/V 0 UT 

5. Calculate Common-Mode Rejection Ratio: 

CMR in dB = ApjfF in - a cm in dB. 

Common-Mode Input-Voltage Range: 

1. Calculate and record CMR for various positive and negative values 
of Vrjas within the maximum limits shown on Page 2. The Com- 
mon-Moae Input-Voltage Range limits are those values of Vrias 
at which CMR is 6 dB less than that calculated in Step 5 of the 
procedure given above. 

Flg.11 


COMMON-MODE REJECTION RATIO vs. FREQUENCY 
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CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3Q37A, CA3038A File No. 310 

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A ; 

Italic Numbers in Square Boxes are for CA3010A, CA3015A 


SINGLE-ENDED INPUT IMPEDANCE vs. TEMPERATURE 


-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (Ta)— °C 92CS- 14851 


SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT 


'-kHz 

SIGNAL 

SOURCE “ ~ 




Lwr%o.,s 


OUTPUT IMPEDANCE TEST CIRCUIT 




Ms M. 


VOLTMETER VOLTMETER 

(RCA 1 , (BALLANTINE 

WV-38A V OUT toc) VouT^ m *l TYPE 314 
OR OtO.IV OR 

EQUIVALENT) I EQUIVALENT) 


'5.IKQ < 5lfl 

■*-Vc(DCH 


POSITIVE DC SUPPLY VOLTS (V C c) t 
NEGATIVE DC SUPPLY VOLTS (V EE ) t 


~ Procedure: 

1. With S 2 in position (c), adjust V E for Vqut( dc ) =0 ± 0.1 volt. 

2. With Si in position (a), and S 2 in position (d), record VouTi( fms )- 

3. With Switch Si in position (b) and S 2 in position (d) adjust R|_ until 

VOUT 1 ( rms ) 

VouT 2 ( rms ^ = • Record value of R[_ as ZouT- 

( I I I H - l I NOISE FIGURE vs. FREQUENCY 


POSITIVE DC SUPPLY VOLTS (Vcc> 
NEGATIVE DC SUPPLY VOLTS (V EE ) 
SOURCE RESISTANCE = I K OHM 









Wide-Band Amplifiers 

Monolithic Silicon 



RESISTANCE VALUES ARE IN OHMS 92CM-I3780RI 

* INTERNAL CONNECTION -DO NOT USE 


BLOCK DIAGRAM OF TYPICAL FM RECEIVER USING RCA-CA3011 OR CA3012 
INTEGRATED CIRCUIT WIDE-BAND AMPLIFIER 










CA3011, CA3012 File No. 128 

ABSOLUTE-MAXIMUM VOLTAGE LIMITS AT Ta = 25° C 

Indicated voltage limits for each terminal can be applied under the specified voltage 
conditions for other terminals. All voltages are with respect to ground (Terminal 8). 

NOTE: TERMINALS 6, 7, AND 9 OF RCA-CA3011 AND CA3012 ARE USED FOR INTERNAL 
CONNECTIONS. DO NOT APPLY VOLTAGES OR MAKE EXTERNAL CONNECTIONS TO 
THESE TERMINALS. 


CA3011 


TERMINAL 

VOLTAGE LIMITS 

VOLTAGE CONDITIONS AT OTHER TERMINALS I 

1 

2 

3 

4 

5 

8 

10 

1 

-3 

+3 

- 

Same as 1 

Do Not Apply 

External Voltage 

+2.5 to +7.5 

+7.5 

Ground 

+7.5 

2 

-3 

+3 

Same as 2 

- 

+2.5 to +7.5 

+7.5 

Ground 

+7.5 

3 

-3 

+3 

-3 to +3 

Same as 1 

+2.5'to +7.5 

+7.5 

Ground' 

+7.5 

4 

+2.5 

+7.5 

-3 to +3 

Same as 1 

- 

+7.5 

Ground 

+7.5 

5 

0 . 

+10 

-3 to +3 

Same as 1 

+2.5 to +7.5 

- 

Ground 

+7.5 

8 

-3 

+7.5 

-3 to +3 

Same as 1 

+2.5 to +7.5 

+7.5 

Ground 

+7.5 

10 

0 

+10 

-3 to +3 

Same as 1 

+2.5 to +7.5 

+7.5 

Ground 

- 

CASE 

INTERNALLY CONNECTED TO TERMINAL N0.8 (GROUND TERMINAL) 


CA3012 


TERMINAL 

VOLTAGE LIMITS 

VOLTAGE CONDITIONS AT OTHER TERMINALS j 

1 

2 

3 

4 

5 

8 

10 

1 

-3 

+3 

- 

Same as 1 

Do Not Apply 

External Voltage 

+2.5 to +10 

+10 

Ground 

+10 

2 

-3 

+3 

Same as 2 

- 

+2.5 to +10 

+10 

Ground 

+10 

3 

-3 

+3 

-3 to +3 

Same as 1 

+2.5 to +10 

+10 

Ground 

+10 

4 

+2.5 

+10 

-3 to +3 

Same as 1 

- 

+10 

Ground 

+10 

5 

0 

+13 

-3 to +3 

Same as 1 

+2.5 to +10 

- 

Ground 

+10 

8 

-3 

+10 

-3 to +3 

Same as 1 

+2.5 to +10 

+10 

Ground 

+10 

10 

0 

+13 

-3 to +3 

Same as 1 

+2.5 to +10 

+10 I 

Ground 

- 

CASE 

INTERNALLY CONNECTED TO TERMINAL N0.8 (GROUND TERMINAL) | 


OPERATING-TEMPERATURE RANGE -55 to +125° C 

STORAGE-TEMPERATURE RANGE -65 to + 150° C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM INPUT-SIGNAL VOLTAGE : 

Between Terminals 1 and 2 ±3 V 

MAXIMUM DEVICE DISSIPATION 300 mW 


RECOMMENDED MINIMUM DC SUPPLY VOLTAGE (V cc ) ■ ■ 5.5 V 


Example of Use or LIMITS TABLE: 

For RC A-3012, a maximum voltage of ±3 volts may be applied 
to Terminal 1 under the following conditions: 

Terminal 2 is at the same dc potential as Terminal 1 

Terminal 3: do not apply external voltage 

Terminal 4 is at any dc potential between +2.5 and +10 volts 

Terminal 5 is at a dc potential of +10 volts 

Terminals 6, 7, and 9 are at 0 dc potential (NOT USED) 

Terminal 8 is at dc ground potential 

Terminal 10 is at a dc potential of +10 volts 
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File No. 128 CA3011, CA3012 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 


FREQUENCY 

f 

DC 

SUPPLY 

VOLTAGE 

vcc 

AMBIENT 

TEMPERA- 

TURE 

ta 

RCA 

CA3011 

RCA 

CA3012 

■ 



beb 

IE 

PH 



Bffl 

mu 

Fig. 

Total 

Device 

Dissipation* 

?T 

3 

- 

6 



-55 

- 

m 

- 

m 

o 

EH 

— 

4 


El 

El 

Iff! 

El 

n 

IBS 

EBB 

IB9I 

- 

m 

- 

m 

El 



- 


-55 

B 

El 

- 

b 

EIS1 

El 

EB 

■ 

■SB 

ESI 

IHl 

m 

m 


Kl 

E9 


- 

El 

m 

El 

■3 

m 

El 

- 

H 

-55 

- 

- 

- 

m 

m\ 


i 

■ 

+25 

- 

- 

- 

us 

K!il 

El 

EBB 


- 

- 

B 

IB1 

EfU 

El 

EM 

Voltage Gain** 

A 

5 

1 

■ 

-55 

-• 


- 

El 

■ 


EH 


+25 

El 

El 

- 

El 

E8 

- 

m 

+125 

- 

m 

- 

El 

El 

- 

m 

5 

1 

7.5 

-55 

- 

59 

- 

55 

59 

- 

m 


+25 

El 

m 

_ 


H 

_ 

m 

+125 

- 

65 

- 

gU 

B 

- 

mm 

5 

■ 


-55 

- 

- 

- 

El 

B 

- 

dB 

6 

+25 

- 

- 

- 

El 

B 

- 

dB 

hbi 

- 

- 

- 

EH 

■ 

- 

dB 

| 

4.5 




Hi 

B 

El 

B 

- 

dB 

7 


7.5 

■ESI 

El 

SI 

- 

El 

B 

- 

dB 

Input-Impedance 

Components: 

Parallel Input 
Resistance 

Parallel Input 
Capacitance 

r in 

■ 

■ 


■ 

i 


1 

i 

3 

i 

kQ 

9 

C IN 

8 

4.5 

7.5 

+25 

- 

7 

- 

- 

7 

- 

PF 

9 

Output Impedance 
Components: 

Parallel Output 
Resistance 

Parallel Output 
Capacitance 

r out 

10 

4.5 

7.5 

+25 


31.5 



31.5 


kQ 

11 

c 0UT 

10 

4.5 

7.5 

+25 

- 

4.2 

- 

- 

4.2 

- 

PF 

11 

Noise Figure 

NF 

12 

4.5 

7.5 

+25 

- 

8.7 

- 

- 

8.7 

- 

dB 

13 

Input Limiting 

Voltage (Knee) 

Vi(lim) 

5 

4.5 

7.5 

+25 

- 

300 

450 

- 

300 

400 

MV 

6 


* The total current drain may be determined by dividing P-j- by Vcc- ** Recommended minimum dc supply voltage (Vcc) is 5.5 V. Nominal 

load current flowing into terminal 5 is 1.5 mA at 7.5 V. 
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File No. 128 


TYPICAL CHARACTERISTICS AND TEST SETUPS 


DISSIPATION TEST SETUP 



Fig. 3 



AMBIENT TEMPERATURE (T A ) - *C 

92CS-I38I3 


VOLTAGE-GAIN TEST SETUP 


Fig. 4 


+Vcc 



PROCEDURES 
A - Voltage Gain: 

1) Set input frequency at desired value, 
v j = 100 mV rms. 

2) Record v 0 . 

3) Calculate Voltage Gain A from 
A =20 logio vo/vj 

4) Repeat Steps 1, 2, and 3 for each 
frequency and/or for temperature desired. 

B - Input Limiting Voltage (Knee): 

1) Repeat Steps A1 and A2, using 
v j = 100 mV 

2) Decrease v ; to the level at which v 0 

is 3 dB below its value for v j = 100 mV. 

3) Record v; as Input Limiting Voltage 
(Knee). 


Fig. 5 


VOLTAGE GAIN & INPUT LIMITING VOLTAGE 
VS TEMPERATURE 



Fig. 6 


VOLTAGE GAIN AND INPUT LIMITING VOLTAGE 
VS FREQUENCY 
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File No. 128 


CA301 1 f CA3012 


TYPICAL CHARACTERISTICS AND TEST SETUPS 


INPUT-IMPEDANCE COMPONENTS 
TEST SETUP 

+ v cc 



Fig. 8 


OUTPUT-IMPEDANCE COMPONENTS 
TEST SETUP 



+ V CC 92CS-I38I0 


Fig. 10 


NOISE FIGURE TEST SETUP 


+V C C 



Lj = 82 /jH, center-tapped 
1-2 = 2.36 

c l» c 2 = Arco Type 423 padder, or equivalent 
Fig. 1 2 


INPUT-IMPEDANCE COMPONENTS 
VS FREQUENCY 



Fig. 9 

OUTPUT-IMPEDANCE COMPONENTS 
VS FREQUENCY 



Fig. 1 1 


NOISE FIGURE VS DC SUPPLY VOLTAGE 
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Fig. 13 


165 










Solid State 
Division 


File No. 129 

Linear Integrated Circuits 

CA3013 

CA3014 


Wide-Band Amplifier-Discriminators 

Monolithic Silicon 


SCHEMATIC DIAGRAM FOR CA3013 AND CA3014 



BLOCK DIAGRAM OF TYPICAL TELEVISION RECEIVER USING RCA INTEGRATED- 

CIRCUIT SOUND-1 F AMPLIFIER AND DETECTOR SECTION • comprehensive circuit functions : 



if amplifier, AM and noise limiter, 
FM detector, audio preamplifier 
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File No. 129 CA3013, CA3014 

ABSOLUT E-MAXIMUM VOLTAGE LIMITS AT Ta = 25° C 

Indicated voltage limits for each terminal can be applied under the specified voltage 
conditions for other terminals. All voltages are with respect to ground (Terminal 8). 


CA3013 


TERMINAL 

VOLTAGE LIMITS 

VOLTAGE CONDITIONS AT OTHER TERMINALS | 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

-3 

+3 

- 

Same as 1 

Do Not Apply External Voltage 

+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

2 

-3 

+3 

Same as 2 

- 

+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

3 

-3 

+3 

-3 to +3 

Same as 1 

+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

4 

+2.5 

+7.5 

-3 to +3 

Same as 1 

* 

+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

5 

0 



Same as 1 


- 

Same as 4 

Same as 4 

Ground 

AF Output 

ES 

6 






(21 

- 


ESH 


EQ 

7 

+2.5 

BSH 

•3 to +3 

Same as 1 





BESI 



8 

-3 

1119 

-3 to +3 

Same as 1 


KrUi 






9 





+2.5 to +7.5 


Same as 4 

Same as 4 

Ground 

- 

EQ 

10 

0 

+10 

•3 to +3 

Same as 1 

+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 

• 

CASE 

INTERNALLY CONNECTED TO TERMINAL N 0.8 (GROUND TERMINAL) 


CA3014 


TERMINAL 

VOLTAGE LIMITS 

VOLTAGE CONDITIONS AT OTHER TERMINALS | 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

-3 

+3 

- 

Same as 1 

Do Not Apply External Voltage 

+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

AF Output 

+10 

2 

*3 

+3 

Same as 2 

- 

+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

AF Output 

+10 

3 

-3 

+3 

-3 to +3 

Same as 1 

+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

AF Output 

+10 

4 

+2.5 

+10 

-3 to +3 

Same as 1 


+10 

Same as 4 

Same as 4 

Ground 

AF Output 

+10 

5 

0 

+13 

-3 to +3 

Same as 1 

+2.5 to +10 

- 

Same as 4 

Same as 4 

Ground 

AF Output 

+10 

6 

+2.5 

+10 

-3 to +3 

Same as 1 

Same as 6 

+10 

- 

Same as 4 

Ground 

AF Output 

+10 

7 

+2.5 

+10 

-3 to +3 

Same as 1 

+2.5 to +10 

+10 

Same as 4 

- 

Ground 

AF Output 

+10 

8 

-3 

+10 

-3 to +3 

Same as 1 

+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

AF Output 

+10 

9 

0 

+10 

-3 to +3 

Same as 1 

+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

- 

+10 

10 

0 

+13 

-3 to +3 

Same as 1 

+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

AF Output 

- 

CASE 

INTERNALLY CONNECTED TO TERMINAL No.8 (GROUND TERMINAL) | 


Example of use of LIMITS TABLE: 

For RCA-CA3013, a maximum voltage of ±3 volts may be 
applied to Terminal 1 under the following conditions: 

Terminal 2 is at the same dc potential as Terminal 1 

Terminal 3: do not apply external voltage 

Terminal 4 is at any dc potential between +2.5 and +7.5 volts' 

Terminal 5 is at a dc potential of +7.5 volts 

Terminals 6 and 7 are at the same dc potential as Terminal 4 

Terminal 8 is at dc ground potential 

Terminal 9 is used as the af output terminal 

Terminal 10 is at a dc potential of +7.5 volts 


OPERATING-TEMPERATURE RANGE 55 to +125°C 

STORAGE-TEMPERATURE RANGE 65 to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/1 6 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM INPUT-SIGNAL VOLTAGE: 

Between Terminals 1 and 2 ±3V 

MAXIMUM DEVICE DISSIPATION 300 mW 

RECOMMENDED MINIMUM DC 

SUPPLY VOLTAGE (V cc ) 5.5 V 
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ELECTRICAL 

CHARACTERISTICS 

(See Page 8 for 
Definitions of Terms) 


TEST CONDITIONS 

LIMITS 


TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

SETUP 

& 

PROCEDURE 

FREQUENCY 

f 

DC 

SUPPLY 

VOLTAGE 

vcc 

AMBIENT 

TEMPERA- 

TURE 

ta 

RCA 

CA3013 

RCA 

CA3014 

Fig. 



°C 

Min. 

BIS 


Min. 

BIS 


Fig. 

Total 

Device 

Dissipation* 

P T 

3 

- 

6 

-55 

- 

80 

- 

73 

80 

120 

mW 

4 

+25 

60 

90 

133 

73 

90 

110 

mW 

+125 

- 

70 

- 

60 

70 

110 

mW 

3 

- 

7.5 

-55 

- 

130 

- 

106 

130 

170 

mW 

4 

+25 

87 

120 

187 

106 

120 

150 

mW 

+125 

- 

100 

- 

90 

100 

150 

mW 

3 

- 

10 

-55 

- 

- 

- 

165 

210 

250 

mW 

4 

+25 

- 

- 

- 

165 

190 

230 

mW 

+125 

- 

- 

- 

150 

160 

230 

mW 

Voltage Gain** 

A 

5 

1 

6 

-55 

- 

55 

- 

50 

55 

- 

dB 

6 

+25 

60 

66 

- 

60 

66 

- 

dB 

+125 

- 

61 

- 

50 

61 

- 

dB 

5 

1 

7.5 

-55 

- 

59 

- 

55 

59 

- 

dB 

6 

+25 

65 

70 

- 

65 

70 

- 

dB 

+125 

- 

65 

- 

55 

65 

- 

dB 

5 

1 

10 

-55 

- 

- 

- 

55 

61 

- 

dB 

6 

+25 

- 

- 

- 

65 

71 

- 

dB 

+125 

- 

- 

- 

55 

66 

- 

dB 

5 

4.5 

7.5 

+25 

60 

67 

- 

60 

67 

- 

dB 

7 

10.7 

7.5 

+25 

55 

60 

- 

55 

60 

- 

dB 

Input-Impedance 

Components: 

Parallel Input 
Resistance 

Parallel Input 
Capacitance 

r in 

8 

4.5 

7.5 

+25 

- 

3 

- 

- 

3 

- 

kQ 

9 

C IN 

8 

4.5 

7.5 

+25 

- 

7 

- 

- 

7 

- 

PF 

9 

Output-Impedance 

Components: 

Parallel Output 
Resistance 

Parallel Output 
Capacitance 

r out 

10 

4.5 

7.5 

+25 

_ 

31.5 

_ 

_ 

31.5 

_ 

kO 

11 

C 0UT 

10 

4.5 

7.5 

+25 

- 

4.2 

- 

- 

4.2 

- 

PF 

11 

Noise Figure 

NF 

12 

4.5 

7.5 

+25 

- 

8.7 

- 

- 

8.7 

- 

dB 

13 

Input Limiting 

Voltage (Knee) 

Vj(lim) 

14 

4.5 

7.5 

+25 

- 

300 

450 

- 

300 

400 

mV 

15 

Recovered AF Voltage 

v 0 (a f ) 

14 

4.5 

6 

+25 

- 

155 

- 

- 

155 

- 

mV 

15 

7.5 

+25 

128 

188 

- 

135 

188 

- 

mV 

10 

+25 

- 

- 

- 

- 

220 

- 

mV 

Amplitude-Modulation 

Rejection 

AMR 

16 

4.5 

7.5 

+25 

- 

50 

- 

- 

50 

- 

dB 

- 

Discriminator 

Output Resistance 

Ro(disc) 

- 

4.5 

7.5 

+25 

- 

60 

- 

- 

60 

- 

n 

- 

Total Harmonic 
Distortion 

THD 

14 

4.5 

7.5 

+25 

- 

1.8 

- 


1.8 

- 

% 

17 


* Total current drain may be determined by dividing Pj-by Vqc- ** Recommended minimum dc supply voltage (Vqc) is 5.5 V. 

Nominal load current flowing into terminal 5 is 1.5 mA at 7.5 V. 
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CA3013, CA3014 


TYPICAL CHARACTERISTICS AND TEST SETUPS 


DISSIPATION TEST SETUP 



TOTAL DEVICE DISSIPATION (Pj)=V cc r 

92CS- 13804 


Fig. 3 



AMBIENT TEMPERATURE (T ft ) - «C 

92CS-I3797 

Fig. 4 


VOLTAGE-GAIN TEST SETUP 


+v C c 



PROCEDURE: 

1) Set input frequency at desired value, Vj = 100 /j.\J rms. 

2) Record v Q . 

3) Calculate Voltage Gain A from A =20 log 1Q v Q /Vj. 

4) Repeat Steps 1, 2, and 3 for each frequency 
and/or temperature desired. 


Fig. 5 


1-Mc/s VOLTAGE GAIN vs. TEMPERATURE 



92CS-I3794 

Fig. 6 


VOLTAGE GAIN vs. FREQUENCY 


AMBIENT TEMPERATURE (T A )-25»C 

DC SUPPLY VOLTS (V C c>**5 

SOURCE RESISTANCE (R S )»50fl 

LOAD RESISTANC£(Rl>-IKQ 
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Fig. 7 
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File No. 129 


CA3013, CA3014 


TYPICAL CHARACTERISTICS AND TEST SETUPS 


INPUT LIMITING VOLTAGE. RECOVERED AF VOLTAGE. AND TOTAL HARMONIC DISTORTION TEST SETUP 



PROCEDURE: 

A - Recovered-AF Voltage Output: 

1) Set input frequency =4.5 Mc/s, Vj = 100 mV tms, modulating 
frequency = 1 kc/s, frequency deviation = ±25 kc/s. 

2) Record v Q as Recovered-AF Voltage Output. 

B - Input Limiting Voltage (Knee): 

1) Repeat Steps Al and A2, using Vj = 100 mV rms. 

2) Decrease v, to the level at which v 0 is 3 dB below its value 
for Vj = 100 mV. 

3) Record Vj as Input Limiting Voltage (Knee). 

Fig. 14 


INPUT LIMITING VOLTAGE (KNEE) AND RECOVERED AF VOLTAGE 
at 1.75 Mc/s 



92CS-I3793 


at 4.5 Mc/s 



92CS-I3792 


(a) 


at 10.7 Mc/s 



92CS- 13791 


(b) 


Fig. 15 


(c) 
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CA3013, CA3014 File No. 129 

TYPICAL CHARACTERISTICS AND TEST SETUPS 

AM-REJECTION TEST SETUP 



PROCEDURE: 

1) With Switch S in position “a”, set input frequency =4.5 Mc/s, 
Vj = 10 mV rms, modulating frequency = 1 kc/s, frequency 
deviation = ±25 kc/s. 

2) Record v Q . 

3) Place Switch S in position “b”, and set input frequency =4.5 
Mc/s, vj = 10 mV rms, modulating frequency = 1 kc/s, 

% modulation =50. 

4) Measure v 0 , and record value in dB below value in Step 2 
as AM Rejection. 


Fig. 16 


TOTAL HARMONIC DISTORTION vs. DC SUPPLY VOLTAGE 


■ 

gp 

AMBIENT TEMPERATURE (T A )-25«C 
SIGNAL FREOUENCY • 4.5 Mc/» 
MODULATING FREQUENCY ■ IKc/i 
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44 

44 
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TT 

TT 
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92CS-I3790 


Fig. 17 


DISCRIMINATOR TRANSFORMER SCHEMATIC 



CONSTRUCTION DETAILS OF DISCRIMINATOR 
TRANSFORMERS SHOWN IN FIGS. 2, 14 AND 16 


Coil-Form Outside Diameter = 7/32 inch 

Slugs: Radio Industries, Inc. Type "E” Material, or equivalent 

Wire Type: "GRIPEZE”*, or equivalent 


Operating 

Frequency 

Mc/s 

Wire Size 
(AWG #) 

Turns 

Cl 

PF 

C2 

PF 

h‘ 

L 2 A 

L 3 

1.75 

40 

44 

20 

44 total! 
(22 bifilar 
wound) 

820 

820 

4.5 

36 

18 

7 

22 total 
(11 bifilar 
wound) 

560 

330 

10.7 

36 

18 

18 

18 total 
(9 bifilar 
wound) 

100 

100 


* Registered Trade Mark, Phelps-Dodge Copper Products. 


A wound bifilar. 

NOTE: The mutual coupling between Li and. L3 is adjusted 
for the desired degree of linearity. 


Fig. 18 






File No. 338 



Solid State 
Division 


Linear Integrated Circuits 

CA3018 

CA3018A 


General-Purpose Transistor Arrays 

Monolithic Silicon 


The CA3018 and CA3018A consist of four general pur- 
pose silicon n-p-n transistors on a common monolithic 
substrate. 

Two of the four transistors are connected in the 
Darlington,, configuration. The substrate is connected 
to a separate terminal for maximum flexibility. 

The transistors of the CA3018 and the CA3018A are 
well suited to a wide variety of applications in low- 
power systems in the DC through VHF range. They 
may be used as discrete transistors in conventional 
circuits but in addition they provide the advantages 
of close electrical and thermal matching inherent in 
integrated circuit construction. 


TWO ISOLATED TRANSISTORS 
AND A DARLINGTON-CONNECTED 
TRANSISTOR PAIR 

For Low-Power Applications 
at Frequencies from DC 
Through the VHF Range 



FEATURES 


The CA3018A is similar to the CA3018 but features 
tighter control of current gain, leakage, and offset 
parameters making it suitable for more critical appli- 
cations requiring premium performance. 

APPLICATIONS 

o General use in signal processing systems in DC 
through VHF range 

o Custom designed differential amplifiers 
o Temperature compensated amplifiers 
o See RCA Application Note, ICAN-5296 “Application 
of the RCA CA3018 Integrated-Circuit Transistor 
Array" for suggested Applications. 


o Matched monolithic general purpose transistors 
o Hpg matched ±10% 

o V B£ matched ± 2 mV CA3018A (±5mV CA3018) 
e Operation from DC to 120 MHz 
o Wide operating current range 

« CA3018A performance characteristics controlled 
from 10 p A to 10mA 

e Low noise figure - • 3.2 dB typical at lKHz 

o Full military temperature range capability 
(-55 to +125°C) 

Maximum Ratings, Absolute-Maximum Values, at TA a 25°C 



>4 





CASE 
AND 

SUBSTRATE 

Oio 04 


92CS-I4244RI 

Fig. 1 - Schematic Diagram for CA3018 and CA3018A 


Power Dissipation, P: CA3018 CA3018A 

Any one transistor 300 300 mW 

Total package 450 450 mW 

Derate at 5 mW/°C for T A > 85°C 
Temperature Range: 

Operating -55 to + 125 -55 to + 125°C 

Stora e e -65 to + 150 -65 to + 150°C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 

The following ratings apply for each transistor in the device: 



CA3018 

CA3018A 


Collector-to-Emitter Voltage, V^gQ 

• 15 

15 

V 

Collector-to-Base Voltage, • 

. 20 

30 

V 

Collector-to-Substrate Voltage, 20 

40 

V 

Emitter-to-Base Voltage, v p.pn • • 

5 

5 

V 

Collector Current. I„ 

. 50 

50 

mA 


*The collector of each transistor of the CA3018 and CA3018A 
is isolated from the substrate by an integral diode. The 
substrate (terminal 10) must be connected to the most neg- 
ative point in the external circuit to maintain isolation be- 
tween transistors and to provide for normal transistor action. 


11-73 
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CA3018, CA3018A 


File No. 338 


Characteristics apply for each transistor in the CA3018 and CA3018A as specified. 


ELECTRICAL 
CHARACTERISTICS 
at T a =* 25°C 

SYMBOLS 

SPECIAL TEST CONDITIONS 

CA3018 

LIMITS 

CA3018A 

LIMITS 

Units 

CHARAC- 

TERISTICS 

CURVES 

Min. | Typ. | Max. 

Min. | Typ. | Max. 


Fie. 

STATIC CHARACTERISTICS 

Collector-Cutoff Current 

? CB0 

V CB =10V.l r 0 

- 

0.002 

100 

- 

0.002 

40 

nA 

2 

Collector-Cutoff Current 

'CEO 

V C E=1° V ' I B= 0 

- 

See Curve 

5 

- 

See Curve 

0.5 

mA 

3 

Collector-Cutoff Current 

Darlington Pair 

'CEOD 

V CE =10V,I B =0 

- 

- 

- 

- 

- 

5 

ma 

- 

Col lector -to-Emitter 

Breakdown Voltage 

V (BR)CE0 

Iq= lmA,lg=0 

15 

24 


15 

24 

- 

V 

- 

Col lector-to-Base 

Breakdown Voltage 

V (BR)CB0 

l c =lQaA,l E =0 

20 

60 

- 

30 

60 

- 

V 

- 

Emitter-to-Base 

Breakdown Voltage 

V (BR)EB0 

I e =1QuA,I c =0 

5 

7 

- 

5 

7 

- 

V 

- 

Col lector-to-Substrate 

Breakdown Voltage 

v (BR)CIO 

I c =1Q[xA,I C |=0 

20 

60 

- 

40 

60 

- 

V 

~ 

Col lector-to-Emitter 

Saturation Voltage 

V CES 

lg= 1mA, I q= 10mA 

- 

0.23 

- 

- 

0.23 

0.5 

V 

- 

Static Forward Current 

Transfer Ratio 

h FE 

f l c =10mA 

v C e= 3 M ! C" lmA 

( I C =1Q^A 

30 

100 

100 

54 

200 

50 

60 

30 

100 

100 

54 

200 

: 

4 

Magnitude of Static-Beta Ratio 
(Isolated Transistors Qj and Q 2 ) 


V CE-- 3V -'ci =1 C2= lmA 

0.9 

0.97 

- 

0.9 

0.97 


- 

4 

Static Forward Current Transfer 
Ratio Darlington Pair 

(Q 3 &Q 4 ) * 

h FED 

Vpc=3V / lmA 

CE \ i c =ioquA 

1500 

5400 

-- 

2000 

1000 

5400 

2800 

- 

- 

5 

Base-to-Emitter Voltage 

V BE 

Vpr=3V 'E =lmA 

CE l E =10mA 

- 

0.715 

0.800 

- 

0.600 

0.715 

0.800 

0.800 

0.900 

V 

6 

Input Offset Voltage 

V BE 1 
' V BE 2 

v CE =3V * l E =lmA 

- 

0.48 

5 

- 

0.48 

2 

mV 

6,8 

Temperature Coefficient: 
Base-to-Emitter Voltage 

Ql.Q2 

I av beI 

AT 

V CE = 3V . , E =lniA 

- 

■1.9 

- 

- 

-1.9 

- 

mV/ 

°C 

7 

Base (QjHo-Emitter (Q 4 ) 
Voltage-Darlington Pair 

V BED 

(V 9 - 1 ) 

V CE = 3V *E =1 ^ a 
lp= 1mA 

“ 

1.46 

1.32 

- 

1.10 

1.46 

1.32 

1.60 

1.50 

V 

9 

Temperature Coefficient: 
Base-to-Emitter Voltage 

Darlington Pair-Qj^ 

I av bedI 

AT 

V CE =3V * l E =lmA 

- 

4.4 

- 

- 

4.4 

- 

mV/ 

°C 

10 

Temperature Coefficient: 

Magnitude of Input-Offset Voltage 

PbEi'^eJ 

VcC= +6V, VeE=-6V, 

ICi=IC2= lmA 

- 

10 

- 

- 

10 

- 


- 

AT 
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File No. 338 CA3018, CA3018A 

ELECTRICAL CHARACTERISTICS, (CONT'D) 


DYNAMIC CHARACTERISTICS 

CA3018 

CA3018A 


Low Frequency Noise Figure 

NF 

f=l KHz,V CE =3V,lc=10(^ 
Source resistance=l Kfl 

- 

3.25 

- 

- 

3.25 

- 

dB 

11(b) 

Low-Frequency .Small-Signal 
Equivalent-Circuit 
Characteristics: 

Forward Current-Transfer Ratio 

■ 


1 

■ 

1 

■ 


1 

1 

B 

n 

■ 



urn 

- 

- 

no 



mum 

Short-Circuit Input Impedance 

hie 

D 

3.5 

- 

- 

3.5 

- 

Kfi 

12 

Open-Circuit Output Impedance 

hoe 


15.6 

- 

- 

15.6 

- 

u 

12 

Open-Circuit Reverse 
Voltage-Transfer Ratio 

h re 

B 


B 

- 


- 



Admittance Characteristics: 

Forward Transfer Admittance 










BB 


B 


- 

3 1-j 1 .5 

- 

- 

3 1-j 1.5 

- 


13 

Input Admittance 


- 

0.3+j0.04 

- 

- 

0.3+j 0.04 

- 

mmho 

14 

Output Admittance 

Yoe 

- 

0.001+j0.03 

- 

-■ 

0.001 + j0.03 

- 



Reverse Transfer Admittance 


See Curve 

See Curve 


16 

Gain-Bandwidth Product 

»T 

V CE =3V.l c =3mA 

300 

500 

- 

300 

500 

- 

MHz 

17 

Emitter-to-Base Capacitance 

C EB 

V EB =3V,I E =0 

- 

0.6 

- 

- 

0.6 

- 

pF 

- 

Collector-to-Base Capacitance 

C CB 

V C b= 3V,I c = 0 

- 

0.58 

- 

- 

0.58 

- 

PF 

- 

Collector-to-Substrate Capacitance 

C CI 

V cr 3V.l c =0 

- 

2.8 

- 

- 

2.8 

- 

PF 

- 


STATIC CHARACTERISTICS 
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AMBIENT TEMPERATURE (T A )— *C 

92CS-23775 

Fig. 2 - Typical Collector-To-Base Cutoff Current vs 
Ambient Temperature for Each Transistor. 



Fig.3 - Typical Col lector-To-Emm iter Cutoff Current vs 
Ambient Temperature for Each Transistor, 
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File No. 338 



EMITTER CURRENT (lE) — mA 

92CS-23777 

Fig .4 - Typical Static Forward Current-Transfer 
Ratio and Beta Ratio for Transistors Q, 
and O2 vs Emitter Current. 



Fig. 6 - Typical Static Base-to-Emitter Voltage 
Characteristic and Input Offset Voltage for 
Qjj and C?2 vs Emitter Current. 



Fig. 8 - Typical Offset Voltage Characteristic vs 
Ambient Temperature 



Fig . 5 - Typical Static Forward Current - Transfer Ratio 
for Darlington-connected Transisters Q3 
and O4 vs Emitter Current. 



92CS-23780 


Fig .7 - Typical Base-To-Emitter Voltage Characteristic 
for Each Transistor vs Ambient Temperature 



Fig .9 - Typical Static Input Voltage Characteristic for 
Darlington Pair (Qj and O4) vs 
Emitter Current 
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CA3Q18, CA3018A 
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Fig. 10- Typical Static Input Voltage Characteristic for 
Darlington Pair ( Q j and Q^) vs 
Ambient Temperature. 


TYPICAL DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 



Fig. 11(a) - Noise Figure vs Collector Current , 

r s = 500 a 



Fig.ll(c) - Noise Figure vs Collector Current, 
R s = 10KCI. 



Fig.ll(b) - Noise Figure vs Collector Current, R$ = / KQ. 



Fig. 12 - Forward Current-Transfer Ratio (hf e ), Short- 
Circuit Input Impedance (h- e ), Open-Circuit 
Output Impedance (h Qe ), and Open-Circuit 
Reverse Voltage-Transfer Ratio (h re ) 
vs Collector Current 
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TYPICAL DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 


a 


.BASE INPUT ' 
A)»25°C 

(Vce)«3V 
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Si 
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Si 
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mm 

HI 




FREQUENCY (f)— MHz 

92CS-23788 

Fig. 13 - Forward Transfer Admittance (Yi ) 



FREQUENCY { f ) — MHz 

9 

Fig. 15 - Output Admittance (Y oe ) 
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FREQUENCY (f)— MHz 


Fig. 14 - Input Admittance (Y 



FREQUENCY(f)— MHz 

92CS-2379 

Fig. 16 - Reverse Transfer Admittance (Y fe ) 


COLLECTOR -TO-EMITTER VOLTAGE (Vce>*3V 
AMBIENT TEMPERATURE (Ta)«25*C 


0 123456789 10 

COLLECTOR CURRENT (Ic> — mA 92cs _ 23792 

Fig. 17 - Typical Gain-Bandwidth Product (fj) vs 
Collector Current 






File No. 236 

MB/JQ Linear Integrated Circuits 

Solid State 
Division 

CA3019 


DIODE ARRAY 


Monolithic Silicon 

The CA3019 consists of one Diode “Quad” and two Isolated Diodes on a Common 
Substrate. 

• Designed for use in Telemetry, Data-Processing, Instrumentation, and Communication 
Equipment 

• Built-in Temperature Stability for Operation from -55°C to +125°C 

• 10-Terminal TO-5 Package 

• Hermetically Sealed 

• Companion Application Note, ICAN-5299 “Application of the RCA CA3019 Integrated- 
Circuit Diode Array” 



10-Pin TO-5 


HIGHLIGHTS 

• Excellent Diode Match 

• Low Leakage Current 

• Low Pedestal Voltage when Gating 

ABSOLUTE-MAXIMUM RATINGS: 

DISSIPATION: 

Any one diode unit 20 max. mW 

Total for device 120 max. mW 

TEMPERATURE RANGE: 

Storage -65 to + 150 °C 

Operating -55 to + 125 °C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 

VOLTAGE: See Table 



Fig. 1 - Schematic Diagram for CA3019. 


APPLICATIONS 

• Modulator •Analog Switch 

®^' xer • Diode Gate for Chopper- 

• Balanced Modulator Modulator Applications 


Absolute-Maximum Voltage Limits at T A = 25°C 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 

1 

-3 

+ 12 

7 

-6 

2 

-3 

+ 12 

7 

-6 

3 

-3 

+ 12 

7 

-6 

4 

-3 

+ 12 

7 

-6 

5 

-3 

+ 12 

7 

-6 

6 

-3 

+ 12 

7 

-6 

7 

-18 

0 

1, 2, 

3, 6, 

8 

0 

8 

-3 

+ 12 

7 

-6 

9 

-3 

+ 12 

7 

-6 

10 

NO CONNECTION 

CASE 

INTERNALLY CONNECTED TO TERMINAL 7 

DO NOT GROUND 
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File No. 236 


ELECTRICAL CHARACTERISTICS, at an Ambient Temperature, T A , of 25°C 
CHARACTERISTICS APPLY FOR EACH DIODE UNIT, UNLESS OTHERWISE SPECIFIED. 


CHARACTERISTICS 


TEST 

SYMBOLS C,RCUITS 


SPECIAL TEST CONDITIONS 


TYPICAL 

CHARAC- 

TERISTICS 

CURVES 


i Min. Typ. Max. Units 



DC Reverse (Leakage) Current 

|R 

i 

h— — - — 

DC Reverse Voltage (Vr) --4 V 

DC Reverse (Leakage) Current 
Between any Diode Unit and 
Substrate 

! r 


DC Reverse Voltage (Vr) =-4 V 



Single Diode Capacitance Cq 


Diode Quad-to-Substrate 
Capacitance 


Series Gate Switching v 

Pedestal Voltage S 


DC Forward Current (If) = 1 mA 

Frequency (f) = 1 MHz 
DC Reverse Voltage (Vr)=-2 V 


Frequency (f) = lMHz 
DC Reverse Voltage (Vr) between 
Terminal 2,5,6, or 8 of Diode Quad 
and Terminal 7 (Substrate) = -2 V 
Terminal 2 or 6 to Terminal 7 
Terminal 5 or 8 to Terminal 7 
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CA3019 


TYPICAL CHARACTERISTICS 


6 

f 

3 

0 

1 4 

< 

a. 

s 

LU 

g 2 

AMBIENT TEMPERATURE (Ta)*25°C 









































rREQU 








































1 










































































" 












_ 













































: 























































































































































































































































































































































: 




























_ 



























































































































































































I 




























































_ 






























I 















I 

_ 





























I 


i 







































































































- 

- 



- 


- 


= 

- 

- 

_ 

H 


- 

- 



- 

- 




- 



- 


- 

- 

- 


- 

- 

- 

- 

- 


- 

- 

- 

- 


a 



- 

- 



1 


- 


- 

- 

- 

- 

- 

- 

- 

- 



- 

- 




= 
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O 12 3 4 

DC REVERSE VOLTS (Vr) ACROSS DIODE 

92CS- 14252 


Fig. 4 - Diode Capacitance (any Diode) vs Reverse 
Voltage for CA3019. 



AND SUBSTRATE (TERMINAL 7) 92CS-I4249 

Fig. 5 - Diode Quad-to-Substrate Capacitance vs 
Reverse Voltage for CA3019. 



DC REVERSE VOLTS (V R ) BETWEEN TERMINALS 5 OR 8 

AND SUBSTRATE (TERMINAL 7) 92 CS-I4250 

Fig. 6 - Diode Quad-to-Substrate Capacitance vs 
Reverse Voltage for CA30I9. 


+ 6 V 
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Solid State 
Division 


Linear Integrated Circuits 

CA3020 

CA3020A 


Multipurpose Wide-Bad Power Amplifiers 

Monolithic Silicon 


The RCA-CA3020 and CA3020A are Integrated-Circuit, 
Multistage, Multipurpose, Wide-Band Power Amplifiers 
on a single monolithic silicon chip. They employ a 
highly versatile and stable direct-coupled circuit con- 
figuration featuring wide frequency range, high voltage 
and power gain, and high power output. These features 
plus inherent stability over a wide temperature range 
make the CA3020 and CA3020A extremely useful for a 
wide variety of applications in military, industrial, and 
commercial equipment. 

The CA3020 and CA3020A are particularly suited for 
service as Class B power amplifiers. The CA3020A 
can provide a maximum power output of 1 watt from a 
12-volt DC supply with a typical power gain of 75 dB. 
The CA3020 provides 0.5 watt power output from a 
9-volt supply with the same power gain. 

These types are supplied in hermetically sealed, TO-5 
style 12-lead packages. 


SCHEMATIC DIAGRAM FOR CA3020 AND CA3020A 



The resistance values included on the schematic dia- 
gram have been supplied as a convenience to assist 
Equipment Manufacturers in optimizing the selection 
of “outboard” components of equipment designs. The 
values shown may vary as much as ± 30%. 

RCA reserves the right to make any changes in the Re- 
sistance Values provided such changes do not ad- 
versely affect the published performance characteris- 
tics of the device. 


MULTIPURPOSE WIDE BAND 
POWER AMPLIFIERS 

For Military, Industrial, 
and Commercial Equipment 
at Frequencies up to 8 MHz 



12-Leod TO-5 


FEATURES 

• High power output - class B amplifier — 

CA3020 .... 0.5 watt typ. at V cc = + 9V 
CA3020A ... 1.0 watt typ. at V cc = + 12V 

• Wide frequency range — 

Up to 8 MHZ with resistive loads 

• High power gain 75db typ. 

• Single power supply for class B operation 
with transformer — 

CA3020 3 to 9V 

CA3020A 3 to 12V 

• Built-in temperature-tracking voltage 
regulator provides stable operation over 
•55°C to +125°C temperature range 

APPLICATIONS 

• AF power amplifiers for portable and fixed sound and 

communications systems 

• Servo-control amplifiers 

• Wide-band linear mixers 

• Video power amplifiers 

• Transmission-line driver amplifiers (balanced and 

unbalanced ) 

• Fan-in and fan-out amplifiers for computer logic 

circuits 

• Lamp-control amplifiers 

• Motor-control amplifiers 

• Power multivibrator 

• Power switches 

• Companion Application Note, ICAN 5766 “Application 
of CA3020 and CA3020A Integrated Circuit Multi- 
purpose Wide-Band Power Amplifiers!'! 
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CA3020, CA3020A 


ABSOLUTE-MAXIMUM RATINGS: 


DISSIPATION: 

WITHOUT HEAT SINK 

WITH HEAT SINK 

At T a = 25°C 

Above T a = 25°C .... 


At T c = 25°C 2 W 

At T c = 25°C to T c = 55 °C 2 W 

Above Tq = 55°C . . derate linearly 16.7 mW/°C 


TEMPERATURE RANGE: 

Operating -55°C to +125°C 

Storage -65°C to +150°C 


LEAD TEMPERATURE (During Soldering): 

At distance 1/1 6 ± 1/32 inch (1 .59 ± 0.79mm) 

from case for 10 seconds max +265°C 


MAXIMUM VOLTAGE RATINGS at T A = 25°C 


The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range of the vertical terminal 1 with respect to terminal 12 is 0 to +10 volts. 


TERM- 

INAL 

No. 

1 

2 

3 

4 

5 



6 

7 

8 

9 

10 

11 

12 

1 


* 

■ 

■ 

■ 


■ 




♦ 

B 

D 

■ 


■ 

■ 

■ 


B 


| 

* 

* 

B 

3 




■ 

■ 


■ 


■ 

* 

* 

B 

n 

■ 



■ 



■ 


■ 

* 

* 

lllljjjl 

n 

■ 






* 


■ 

* 

* 


D 

■ 






A 

0 

-18/25 

* 

* 

* 

* 


7 








■ 

■ 

* 

* 


8 








■ 


* 

* 


9 










+10 

0 

Note 1 

0 


10 











* 

Q 

11 












* 

12 













REF. 

SUB- 

STRATE 


MAXIMUM 

CURRENT RATINGS 


TERM- 

INAL 

No. 

r IN 

mA 

! oyT 

mA 

1 


20 

2 

- 


3 

- 


4 


- 

5 

- 

300 

6 

- 

300 

7 



8 

- 

- 

9 

20 

* 

10 

■ 

■ 

11 

20 

- 

12 

- 

- 


Note 1: This voltage is established by the maximum current 
rating. 

Note 2: The emitters of Qg and Q 7 may be returned to a nega- 
tive voltage supply througli emitter resistors. Current 
into terminal No.9 should not be exceeded and the 
total device dissipation should not be exceeded. 

Note 3: Terminal No . 8 may be connected to terminals Nos. 9, 
11 , or 12 . 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 

A Higher value is for CA3020A. 
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ELECTRICAL CHARACTERISTICS AT T A =25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

CA3020 

LIMITS 

CA3020A 

UNITS 

CIRCUIT 

AND 

PROCEDURE 

DC 

SUPPLY 

VOLTAGE 

FIG. 

V CC1 

V CC 2 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


Collector-to-Emitter 

Breakdown Voltage, Qg & Q 7 
at 10 mA 

V (BR)CER 

2 a 


■ 

18 



25 



V 

Collector-to-Emitter 

Breakdown Voltage, Q 1 
at 0.1 mA 

V (BR)CEO 



■ 

10 



10 



V 

Idle Currents, Qg & Q 7 

l 4 IDLE 
l 7 IDLE 

8 

9.0 

H 


5.5 



5.5 


mA 

Peak Output Currents, 

q 6 &q 7 

I 4 PK 

l 7 PK 

8 

9.0 

■ 

140 



180 



mA 

Cutoff Currents, 

Qg & Q7 

l 4 CUTOFF 
l 7 CUTOFF 

8 

9.0 




1.0 



1.0 

mA 

Differetial Amplifier 

Current Drain 

•cci 

8 

9.0 

D 

6.3 

9.4 

12.5 

6.3 

9.4 

12.5 

mA 

Total Current Drain 

ICC1 + 

ICC 2 

8 

9.0 

9.0 

8.0 

21.5 

35.0 

14.0 

21.5 

30.0 

mA 

Differential Amplifier 

Input Terminal Voltages 

V 2 

V3 

8 

9.0 

2.0 


1.11 



1.11 


V 

Regulator Terminal Voltage 

Vll 

8 

9.0 

2.0 


2.35 



2.35 


V 

Q, Cutoff (Leakage) Currents: 
Collector-to-Emitter 

'CEO 

- 

10.0 


_ 

- 

100 

- 

- 

100 

^A 

Emitter-to-Base 

lEBO 

3.0 


- 

- 

0.1 

- 

- 

0.1 

Col lector-to-Base 

ICBO 

3.0 


- 

- 

0.1 

- 

- 

0.1 

Forward Current Transfer 

Ratio, Qj at 3 mA 

h FEl 


6.0 

■ 

30 

75 


30 

75 



Bandwidth at -3 dB Point 

BW 

9 

6.0 

6.0 


8 



8 


MHz 

Maximum Power Output 

p O(MAX) 

10 

6.0 

6.0 

200 

300 a 

- 

200 

300 a 


mW 

9.0 

■■ 

400 

550 a | 

- 

400 

550 a 


9.0 

12.0 




800 

1000 b 

- 

Sensitivity for PQy T = 400 mW 

e IN 

10 

9.0 



35 a 

55 




mV 

Sensitivity for Pqut mW 

e IN 

10 

9.0 






50 b 

100 

mV 

Input Resistance — 

Terminal 3 to Ground 

r IN3 

11 

6.0 



1000 



1000 


n 

Junction-to-Case 

Thermal Resistance 

^J-C 

- 

- 


' 


60 



60 

°c/w 


a R cc = 130 n 
b R CC = 200 Q 
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CA3020, CA3020A 



a. Collector-to-emitter breakdown voltage (Qq & Qy) circuit 



b. Typical audio amplifier circuit utilizing the CA3020 or 
CA3020A as an audio preamplifier and class B power 
amplifier 


TYPICAL PERFORMANCE DATA* 


An External Radiator is Recommended for High Ambient Temperature Operation 


CHARACTERISTICS 

SYMBOLS 

CA3020 

CA3020A 

UNITS 

Power Supply Voltage 

v cc, 

9.0 

9.0 

V 

v cc 2 

9.0 

12.0 

Diff. Ampl. 

'cci 

15 

15 

mA 

Z-tJIlJ Olglldl u U 1 1 c 11 1 ■ 

Output Ampl. 

! CC2 

24 

24 

Diff. Ampl. 

! CCi 

16 

16.6 

mA 

Output Ampl. 

! CC2 

125 

140 

Maximum Power Output at THD = 10% 

Po 

550 

1000 

mW 

Sensitivity 

C IN 

35 

45 

mV 

Power Gain 

Gp 

75 

75 

dB 

Input Resistance 

r IN 

55 

55 

kn 

Efficiency 

V 

45 

55 

% 

Signal-to-Noise Ratio 

S/N 

70 

66 

dB 

THD at 150 mW level 


3.1 

3.3 

% 

Test Signal Frequency from 600Q Generator 


1000 

1000 

Hz 

Equivalent Col lector-to-Col lector Load Resistance 

R CC 

130 

200 

n 


* Refer to Figs. 8 through 12 for Measurement and Symbol Information. 


185 




CA3020, CA3020A 


File No. 339 


TYPICAL TRANSFER CHARACTERISTICS 




DIFFERENTIAL. AMPLIFIER INPUT MILLIVOLTS (V23) 92CS-I5226 
Fig. 3 b. Characteristics with Rjq shorted out 




Fig. 4 b. Characteristics with R<jq in circuit 

“MINIMUM DRIVE" TYPICAL CURRENT-VOLTAGE SATURATION CURVE 
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a. Test Setup 


Fig. 5 


POWER AMPLIFIER COLLECTOR VOLTS (V 4 ,V 7 ) 
b. Characteristic 
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CA3020, CA3020A 


ZERO SIGNAL AMPLIFIER CURRENT vs DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE 

|AMB!ENT TEMPERATURE (T A )« 25°C|-|-)- H4H 


_ JL JL x — ' 



ICC2 

casozo'-L 


CA3020A/X 






92CS-I52II 

a. Test Setup 


AMBIENT TEMPERATURE (T A )«25*C [ 


DIFFERENTIAL AMPLIFIER SUPPLY VOLTS (V CC1 ) 92CS-I5229 
b. Differential Amplifier Characteristics 


ZERO SIGNAL AMPLIFIER CURRENT 
vs AMBIENT TEMPERATURE 
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VCCi 



STATIC CURRENT AND VOLTAGE TEST CIRCUIT 

VCC2 


CURRENTS OR 
VOLTAGES 

SI 

S2 

U-IDLE 

open 

open 

'7-IDLE 

open 

open 

U-PEAK 

open 

close 

'7-PEAK 

close 

open 

U-CUTOFF 

close 

open 

'7-CUTOFF 

open 

close 


CURRENTS OR 
VOLTAGES 

SI 

S2 

O 

o 

open 

open 

! CC2 

open 

open 

V 2 

open 

open 

V 3 

open 

open 

V 11 

open 

open 


F ig.8 



MEASUREMENT OF BANDWIDTH AT -3 dB POINTS 

+VCCI +VCC2 


PROCEDURES: 


1. Apply desired value of V cc and Vqq 

2. Apply 1 kHz input signal and adjust for e Tlvr = 

5 mV (rms) w 

3. Record the resulting value of e nTTT in dB 

(reference value) 1 

4. Vary input-signal frequency, keeping e^ constant at 
5 mV, and record frequencies above anci below 1 kHz 
at which ®quT decreases 3 dB below reference value. 

5. Record bandwidth as frequency range between -3 dB 
points. 


Fig. 9 

MEASUREMENTS OF ZERO-SIGNAL DC CURRENT DRAIN, MAXIMUM-SIGNAL DC CURRENT DRAIN, 

MAXIMUM POWER OUTPUT, CIRCUIT EFFICIENCY, SENSITIVITY, AND TRANSDUCER POWER GAIN 

Maximum-Signal DC Current Drain, Maximum Power 
Output, Circuit Efficiency, Sensitivity, and Transducer 
Power Gain 

1. Apply desired value of V cc and V cc and adjust 
e IN to t * ie va * ue at which the^Total Harmonic Distor- 
tion in the output of the amplifier = 10% 

2. Record resulting value of I cc and I cc in mA as 

Maximum-Signal DC Current Drain ^ 

3. Determine resulting amplifier power output in watts 
and record as Maximum Power Output (PquT^ 

4. Calculate Circuit Efficiency ( rj ) in % as follows: 

rj = 100 - 



OUT 


v cc 1 I cc 1 +v cc 2 

where Pqut is in watts » v < 


Re- 


volts, and I c 
5. Record value of* 
as Sensitivity 


and I. 


CC. 


'2 

and V r 


PROCEDURES: 

Zero-Signal DC Current Drain 

1. Apply desired Value of and V r 

e IN to 0V CC 1 C 

2. Record resulting values of I_ c ai 
as Zero-Signal DC Current Drain. '"'I 

Fig. 10 


b IN 

( e I N ) 


L CC are in am P eres - 
in mV^ (rms) required in Step 1 


6. Calculate Transducer Power Gain (G p ) in dB as 
foUows: P ^ TTn , 


G p - 101og 10 - 


where P^j (in mff) = - 


N (10) 
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MEASUREMENT OF INPUT RESISTANCE 

+VCCI +VCC2 



PROCEDURES: 

Input Resistance Terminal 10 to Ground ( R ^ ) 

CC 


1. Apply desired value of V 
Position 1 


and V n 


and -sel 


,\°s 


2. Adjust 
surement 


1 2 
- kHz input for desired signal level of mea- 


3. Adjust R for e 2 = ej/2 

4. Record resulting value of R as R TM 

1N 10 

Input Resistance Terminal 3 to Ground (R^ ) 

1. Apply desired value of V nr and se^ S in 

Position 2 ut "2 

2. Adjust 1-kHz input for desired signal level of mea- 
surement 

3. Adjust R for e 2 = ej/2 

4. Record resulting value of R as R TN 


92CS-I4347RI 


Fig. 1 1 


MEASUREMENT OF SIGNAL-TO-NOISE RATIO 
AND TOTAL HARMONIC DISTORTION 



PROCEDURES: 

Signa l-to-No ise Ratio 

1. Close Sj and S^; open S 2 

2. Apply desired values of V cc and V cc 

3. Adjust e m for an amplifier* output o? 


150mW and 


record resulting value of E QUT in dB as c Q UT 
(reference value) * 

4. Open Sj and record resulting value of eQy^, in dB as 

e ° UT 2 

e OUT . 

5. Signal-to-N oise Ratio (S/N) = 201og 1Q i . 


Total Harmonic Distortion 

1. Close Sj and S 2 ; open Sg 

2. Apply desired values of V cc and V^j-, 

3. Adjust e^ for desired level amplifier oirtput power 

4. Record Total Harmonic Distortion (THD) in % 

Fig. 12 
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Solid State 
Division 


Linear Integrated Circuits 

CA3021 

CA3022 

CA3023 


Low-Power Video and Wideband Amplifiers 

Monolithic Silicon 


RCA-CA3021, CA3022, and CA3023 are low-power integrated-circuit wideband 
amplifiers with a wide range of applications in industrial, military, and commercial 
communications equipment. Each consists of a multistage amplifier circuit and un- 
connected diodes on a single chip, hermetically sealed in a 12-lead TO-5 style 
package. The diodes may be connected to provide limiting in FM applications. 

The CA3021, CA3022, and CA3023 have the same maximum ratings, and differ 
principally in dissipation (dc power requirements) and bandwidth capability. All 
three devices are designed for operation over the temperature range from -55° C to 
+125° C. 



HIGHLIGHTS 


• Low DC Power Drain: 

( CA3021 = 4 mW typ. ) 
P D < CA3022 = 12.5 mW typ. > 
(.CA3023 = 35 mW typ. ) 


at V CC 
= 6 V 


APPLICATIONS 

• Gain-Controlled Linear Amplifiers 

• AM/FM IF Amplifiers • Video Amplifiers • Limiters 


• Excellent frequency response: 

-3dB ( CA3021 = 2.4 MHz typ. 

BW ) CA3022 = 7 5 MHz typ. 

( CA3023 = 16 MHz typ. 

• High Voltage Gain: 

( CA3021 = 56 dB typ. at 0.5 MHz 
A < CA3022 = 57 dB typ. at 2.5 MHz 
(.CA3023 = 53 dB typ. at 5 MHz 

• Wide AGC Range: 33 dB typ. 

• Only one power supply (4.5 to 12 V) required 

• Hermetically Sealed 12-Lead TO-5-style package 

• Operation from -55° C to +125° C 


SCHEMATIC DIAGRAM FOR CA3021, CA3022, AND CA3023 


© N— <D 

d 2 
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C A302 1 — C A3023 


ABSOLUTE-MAXIMUM RATINGS: 

OPERATING-TEMPERATURE RANGE -55°C to +I25°C 

STORAGE-TEMPERATURE RANGE -65°C to +I50°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch ( 1 .5 l ) ± 0.7 l )mm) 

from case for 10 seconds max +265°C 

DEVICE DISSIPATION, P T 120 max. mW 

INPUT-SIGNAL VOLTAGE -3, +3 max. V 

DC VOLTAGES AND CURRENTS See Table Below 



VOLTAGE OR 
CURRENT LIMITS 

CIRCUIT CONDITIONS 

TERMINAL 

NEGATIVE 

POSITIVE 

TERMINAL 

CONDITIONS 

l 

-3V 

+3V 

1 

Connected to 
Voltage 
Source 

through lOOfi 
Resistor 

5 

+12V 

10, 11, 12 

Ground 

2 

-3V 

+12V 

5 

+12V 

10, 11, 12 

Ground 

3 

OV 

+12V 

5 

+12V 

10, 11, 12 

Ground 

4 

-12 V 

10 ma) 

+12V 

(. mA 

6, 11 

Ground 

5 

OV 

+18V 

10, 11, 12 

Ground 

6 

-12 V 1 

10 ma; 

+12V 

(. mA 

5, 11 

Ground 



VOLTAGE OR 
CURRENT LIMITS 

CIRCUIT CONDITIONS 

TERMINAL 

NEGATIVE 

POSITIVE 

TERMINAL 

CONDITIONS 

7 

0V 

+12V 

5 

+12V 

10, 11, 12 

Ground 

8 

20 max. mA 

5 

+12V 

10, 11, 12 

Ground 

9 

-0.5 V 

+3V 

5 

+12V 

10, 11, 12 

Ground 

10 

OV 

+4V 

2,5 

+12V 

11 

Ground 

11 

-6V 

+12V 

2 

Ground 

5 

+12V 

12 

0V 

■*4V 

2,5 

+12V 

11 

Ground 


191 




CA3021 — CA3023 


File No. 243 


ELECTRICAL CHARACTERISTICS, at = 25° C, Vqq = +6V, unless otherwise specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

| 

TYPICAL 

CHARAC- 

TERISTIC 

CURVE 

TEST SETUP 
AND 

PROCEDURE 

FEEDBACK 
RESISTANCE 
(R/3) BETWEEN 
TERMINALS 

3 AND 7 

FRE- 

QUENCY 

f 

CA3021 

(TA5219) 

CA3022 

(TA5236) 

CA3023 

(TA5218) 

Fig. 




Hi 

B 

HI 

B 

B 

B 

ESI 

Iffii 



Device 

Dissipation 

?T 

2 

00 

- 

1 

4 

8 

- 

- 

- 



_ 

mW 

3a.d 

00 

- 

- 

- 

- 

5 

12.5 

24 

B 


- 

mW 

3b, d 

CO 

- 

- 

- 

- 

- 


- 

m 

35 

48 

mW 

3c, d 

Quiescent 

Output 

Voltage 

Vo 

2 

39k 

- 

- 

2.2 

- 

- 

- 

- 

B 


- 

V 

- 

10k 

- 

_ 

_ 

_ 

- 

1.9 

_ 


_ 

_ 

V 

4.7k 

- 

- 

- 

- 

- 

- 

- 

B 

1.3 

- 

V 

AGC Source 

Current 

'agc 

4 

V A GC= +6V 

- 

0.8 

- 

- 

0.8 

- 

1 

0.8 

- 

mA 

- 

Voltage Gain 

A 

5 

560k 

0.5 

50 

56 

- 

- 

- 

- 

B 

- 

- 

dB 

6a 

39k 

0.8 

40 

46 

- 

- 

- 

- 

■ 


- 

dB 

6a, d 

39k 

2.5 

- 

- 

- 

50 

57 

- 

B 

- 

- 

dB 

6b 

10k 

3 

- 

- 

- 

40 

44 

- 

B 

- 

- 

dB 

6b, d 

18k 

5 

_ 

- 


- 

- 

- 

ESI 

53 

- 

dB 

6c 

4.7k 

10 

- 



- 

- 

- 

m 

44 

- 

dB 

6c, d 

Bandwidth at 
-3 dB Point 

BW 

5 

39k 

- 

0.8 

2.4 

- 

- 

- 

- 

- 

- 

- 

MHz 

6a 

10k 

- 

- 

- 

- 

3 

7.5 

- 

- 

- 

- 

MHz 

6b 

6c 

4.7k 

- 

- 

- 

-■ 

- 

- 

- 

10 

16 

- 

MHz 

Input- 

Impedance 

Compo- 

nents 

Input 

Resistance 

r in 

7 

39k 

1 

- 

4000 

- 

- 

- 

- 

- 

- 

- 

n 

- 

10k 

5. 

- 

- 

- 

- 

1300 

- 

- 

- 

- 

a 

4.7k 

10 

- 

- 

- 

- 

- 

- 

- 

300 

- 

a 

Input 

Capaci- 

tance 

C IN 

7 

39k 

1 

- 

11 

- 

- 

- 

- 

- 

- 

- 

PF 

- 

10k 

5 

- 

- 

- 

- 

18 

- 

- 

- 

- 

PF 

4.7k 

10 

- 

- 

" 

- 

- 

- 

- 

13 

- 

PF 

Output 

Resistance 

r out 

8 

39k 

1 

- 

300 


- 

- 

- 

- 

- 

- 

n 

- 

10k 

5 

- 

- 

- 

- 

120 

- 

- 

- 

- 

n 

4.7k 

10 

- 

- 

- 

- 

- 

- 

- 

100 

- 

n 

Noise Figure 

NF 

9 

39k 

1 

- 

4.2 

1 8.5 

- 

- 

- 

- 

- 

- 

dB 

- 

10k 

1 

- 

- 

_ 

- 

4.4 

8.5 

- 

- 

- 

dB 

4.7k 

1 

- 

- 

- 

- 

- 

- 

- 

6.5 

8.5 

dB 

AGC Range 

AGC 

10 

_ 

1 

_ 

33 

_ 

- 

- 

- 

- 

- 

- 

dB 

- 

_ 

5 

_ 

- 

- 

- 

33 

- 

- 

- 

- 

dB 

- 

10 

- 

- 

- 

- 

- 

- 

- 

33 

- 

dB 

Maximum 

Output Voltage 
(RMS Value) 

v out 

i 

5 

39k 

1 

- 

0.6 

- 

- 

- 

- 

- 

- 

- 

V(rms) 

- 

10k 

5 

- 

- 

- 

- 

0.7 

- 


- 

- 

V(rms) 

4.7k 

10 

- 

- 

- 

- 

- 

- 

- 

0.5 

- 

v (rms) 
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C A302 1 — C A3023 


File No. 243 


TEST SETUP FOR MEASUREMENT OF DEVICE DISSIPATION 
AND QUIESCENT OUTPUT VOLTAGE 



P T = V CC (D 

Fig. 2 


DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 


FOR CA3022 



92CS -14387 

Fig. 3(b) 


DEVICE DISSIPATION VS TEMPERATURE FOR 
CA3021, CA3022, AND CA3023 



92CS— 14388 

Fig. 3(d) 


DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 
FOR CA3021 



DC SUPPLY VOLTS (V C ^ 

92CS-I4386 

Fig. 3(a) 


DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 
FOR CA3023 



92CS-I4389 


Fig. 3(c) 


TEST SETUP FOR MEASUREMENT OF AGC 
SOURCE CURRENT 



l AQC IS THE CURRENT FLOWING INTO TERMINAL 2. 
Fig. 4 
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C A302 1 — C A3023 - 


. File No. 243 


TEST SETUP FOR MEASUREMENTS OF VOLTAGE-GAIN, -3dB 
BANDWIDTH, AND MAXIMUM OUTPUT VOLTAGE 


VOLTAGE GAIN VS FREQUENCY FOR CA3021 



PROCEDURES 
Voltage Gain: 

(a) Set e, n = 0.5 mVat frequency specified, read e ou t Voltage Gain 
(A) = 20 Log 10 !2Hi 
Bandwidth: e in 

(a) Set e ou t to a convenient reference voltage at f = 100 kHz and 
record corresponding value of ejn- 

(b) Increase the frequency, keeping e m constant until e nnt drops 

3-dB. Record Bandwidth. uul 

Fig. 5 

VOLTAGE GAIN VS FREQUENCY FOR CA3022 



92CS-I4429 


Fig. 6(b) 


AMBIENT TEMPERATURE (T A ) = 25°C 

OC SUPPLY VOLTS (V C c) * + 6 

TERMINALS No.lO.II.AND 12 CONNEC- 
TED TO GROUND 

FEEDBACK RESISTANCE (R/3) 
CONNECTED BETWEEN TERM- 
INALS No. 3 AND 7 

70 

| | 








FEEDBACK RESISTANC 
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FREQUENCY if) -MHz 
Fig. 6(a) 


92CS- 14428 


VOLTAGE GAIN VS FREQUENCY FOR CA3023 


AMBIENT TEMPERATURE (T A ) = 25°C 
DC SUPPLY VOLTS ( V C (0 = + 6 
TERMINALS No. 10, 1 1, AND 12 CONNEC 
TED TO GROUND 

FEEDBACK RESISTANCE IR>3) 
CONNECTED BETWEEN TERM- 
INALS No. 3 AND 7 
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mmw. 

■2 













■ 




— 







< 




■ 

1 











z 


Bi 

■ 

■ 


mm 


■1 

■ 

■ 


jSjsfij 




2 

UJ 30 

■1 

■■ 

■ 

■ 

■ 


■■ 

■ 

■ 

■ 

Ml 





■■ 


■ 

■ 

1 


■■ 

■ 

■ 

■ 


Ifi^V 




0 20 







■Bn 















■1 






Z 



















10 
















0 













Z 




FREQUENCY (f) — MHz 

Fig. 6(c) 


92CS-I4427 



VOLTAGE GAIN VS TEMPERATURE FOR CA3021, 
CA3022, AND CA3023 


Fig. 6(d) 
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CA3021 — CA3023 


TEST SETUP FOR MEASUREMENT OF INPUT- 
IMPEDANCE COMPONENTS 

Vcc 


+6V 



92CS- 14432 

* e jn Z 10 mV 

Fig. 7 


TEST SETUP FOR MEASUREMENT OF OUTPUT 
RESISTANCE 



* e jn Z 10 mV 


F 


ig.8 


92CS-I443I 


TEST SETUP FOR MEASUREMENT OF NOISE FIGURE 



92CS-I4446 

CA3021 - R/3 = 39 kO 
CA3022 - R/3 = 10 kO 
CA3023 -R/3 = 4.7 kO 

Fig. 9 


TEST SETUP FOR MEASUREMENT OF AGC RANGE 



+ 6 V +0.7V 


92CS-I4449 

A WITH S IN POSITION 1 

AGC RANGE = 20 LOG in 

1U A WITH S IN POSITION 2 

(A = VOLTAGE GAIN) f 

MHz 

CA3021 1 

CA3022 5 . 

CA3023 10 

Fig. 10 
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File No. 388 



Solid State 
Division 


Linear Integrated Circuits 

CA3026 

CA3054 


Transistor Array 

Monolithic Silicon 


The CA3026 and CA3054 each consists of two independent 
differential amplifiers with associated constant-current 
transistors on a common monolithic substrate. The six 
n-p-n transistors which comprise the amplifiers are 
general purpose devices which exhibit low 1/f noise and 
a value of ftp in excess of 300 MHz. These features 
make the CA3026 and CA3054 useful from dc to 120 MHz. 
Bias and load resistors have been omitted to provide 
maximum application flexibility. 

The monolithic construction of the CA3026 and CA3054 
provides close electrical and thermal matching of the 
amplifiers. This feature makes these devices particularly 
useful in dual channel applications where matched per- 
formance of the two channels is required. 


DUAL INDEPENDENT 
DIFFERENTIAL AMPLIFIERS 

For Low-Power Applications 
at Frequencies from DC 
to 120 MHz 


CA3026 





12- Lead TO-5 



14-Lead 
Dual-lri'Line 
Plastic Package 


APPLICATIONS 

• Dual sense amplifiers 

• Dual Schmitt triggers 

• Multifunction combinations -- R F/Mixer/ Osci llator; 

Converter/I F 

• IF amplifiers (differential and/or cascode) 

• Product detectors 

• Doubly balanced modulators and demodulators 

• Balanced quadrature detectors 

• Cascade limiters 

• Synchronous detectors 

• Pairs of balanced mixers 

• Synthesizer mixers 

• Balanced (push-pull) cascode amplifiers 



Fiq.la - Schematic Diagram for CA 3026. 


FEATURES 

• Two differential amplifiers on a common substrate 

• Independently accessible inputs and outputs 

• Maximum input offset voltage -- ±5 mV 

• Full military temperature range capability — -55°C to 

+125°C 

• Limited temperature range -- 0°C to 85°C for CA3054 



CAUTION: Substrate MUST be maintained negative with 
respect to all collector terminals of this device. See 
Maximum Voltage Ratings chart. 
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_ CA3026, CA3054 


MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, AT T A = 25 °C 


Power Dissipation, P: CA3026 

Any one transistor 300 

Total package 600 


For Ta > 55 C . . . . Derate at 5 . . 
Temperature Range: 

Operating -55 to + 125 

Storage -65 t.o + 150 


CA3054 

300 

750 

6.67 


mW 

mW 

mW/°C 

°C 

°C 


Lead lemperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265 °C 


The following ratings apply for each transistor in the device: 


Collector-to-Emitter Voltage, V^q 15 V 

Collector-to-Base Voltage, V^gQ 20 V 

Collector-to-Substrate Voltage, Vqjq* 20 V 

Emitter-to-Base Voltage, V E g Q 5 V 

Collector Current, Iq 50 mA 


* The collector of each transistor of the CA3026 and CA3054 is 
isolated from the substrate by an integral diode. The substrate must 
be connected to a voltage which is more negative than any collector 
voltage »*•> order to maintain isolation between transistors and provide 


for normal transistor action. The substrate should be maintained at 
signal (AC) ground by means of a suitable grounding capacitor, to avoid 
undesired coupling between transistors. 


Maximum Voltage Ratings 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal l^and horizontal terminal 3^ is +15 to -5 
volts. 

t For CA3026; corresponding terminals for CA3054 are vertical 
terminal 2 and horizontal terminal 4. 


C A3 054 — ► 

TERMINAL No. 

13 

14 

1 

2 

3 

4 

6 

7 

8 

9 

11 

12 

5 

1 

CA302fr-*- 
TERMINAL 
No. , 

10 

11 

12 

1 

2 

3 

4 

5 
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7 

8 

Note 1 

9 

Note 1 
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0 
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* 
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* 
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ii 
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r 




+i 

-5 
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12 

9 
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5 

9 













Ref 

Sub- 

strate 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 


Maximum 
Current Ratings 


CA3054 

TERMINAL 

No.o 

CA3026 

TERMINAL 

No. 

>IN 

mA 

'out 

mA 

13 

10 

5 

0.1 

14 

11 

50 

0.1 

1 

12 


D 

| 

1 


□ 


2 

B 

D 


3 



m 

4 

B 

m 

II 

5 


a 

i i 

6 


D 


7 

B 

0.1 

n 

8 

5 

0.1 

12 

9 

0.1 

50 


© Terminal No. 10 of CA3054 is not used 


Note 1: In the CA3026 terminal No. 9 is connected to the emitter 
of Q 4 , the reference substrate, and the case;therefore,the case 
should not be grounded. Two terminal 9 columns (CA3026) 
appear in the voltage rating chart because it is a composite 
chart for both the CA3026 and the CA3054. Wherever an asterisk 
is shown in one column 9 and a rating is shown in the other 
column 9, the asterisk should be ignored. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC, S 

SYMBOLS 

TEST CONDITIONS 

TEST 

CIR- 

CUIT 

CA3026 

CA3054 

LIMITS 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

FIG. 

MIN. 

TYP. 

MAX. 

FIG. 

STATIC CHARACTERISTICS I 

For Each Differential Amplifier 









Input Offset Voltage 

V IO 

V CB = 3V 

l E(Q2f I E(Q4) = 2 mA 

- 


0.45 

5 

mV 

6 

Input Offset Current 

>10 

- 


0.3 

2 

HA 

7 

Input Bias Current 

>1 

- 


10 

24 

HA 

3 

Quiescent Operating 

Current Ratio 

lc(Q l) cr ! C(Q5) 
'C(Q2) f C(Q 6 ) 


* 

0.98 to 

1.02 



3 

Temperature Coefficient 

Magnitude of Input-Offset Voltage' 

l A Vio| 

AT 



1.1 


mV/°c 

5 

For Each T ransistor | 

DC Forward Base-to- 
Emitter Voltage 

V BE 

< Iq = 50 fjA 

v cb = 3v < lmA 

) 3 mA 

( 10 mA 

' 


0.630 

0.715 

0.750 

0.800 

0.700 

0.800 

0.850 

0.900 

V 

6 

Temperature Coefficient of Base- 
to-Emitter Voltage 

av be 

AT 

V CB = 3 V, l c = 1 mA 



-1.9 


mv/°c 

4 

Collector-Cutoff Current 

! cbo 

V CB = 10 V, l E = 0 

- 


0.002 

100 

nA 

2 

Col lector-to-Emi tter 

Breakdown Voltage 

v (BR)CEO 

Iq = 1 mA, lg = 0 

- 

15 

24 


V 


Collector-to-Base 

Breakdown Voltage 

V (BR)CBO 

l c = 10//A, l E = 0 

- 

20 

60 


V 


Col lector-to-Substrate 

Breakdown Voltage 

V (BR)CIO 

l c = 10/iA, 1 ci = 0 

- 

20 

60 


V 


Emitter-to-Base Breakdown Voltage 

V (BR)EBO 

l E = -IOiiA, l c = 0 

- 

5 

7 


V 


| DYNAMIC CHARACTERISTICS j 

Common-Mode Rejection Ratio 

For Each Amplifier 

‘ CMR 

V CC = 12 V 

V EE = -6 V 

V x = -3.3 V 
f = 1 kHz 

8a 


100 


dB 

8b 

AGC Range, One Stage 

AGC 

9a 


75 


dB 

9b 

Voltage Gain, Single Stage 
Double-Ended Output 

A 

9a 


32 


dB 

9b 

AGC Range, Two Stage 

AGC 

10a 


105 


dB 

10b 

Voltage Gain, Two Stage 
Double-Ended Output 

A 

10a 


60 


dB 

10b 

Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 
(For Single Transistor) 









Forward Current-Transfer Ratio 

h fe 

f = 1 kHz. V CE = 3 V, 

Iq = 1 mA 

- 


110 



11 

Short-Circuit Input Impedance 

fye 

- 


3.5 


vn 

11 

Open-Circuit Output Impedance 

h oe 

- 


15.6 


jumho 

11 

Open-Circuit Reverse Voltage- 
Transfer Ratio 

fye 

- 


1 .8 x 10‘ 4 



11 
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CA3026, CA3054 


Input Admittance 


Output Admittance 


Reverse Transfer Admittance 


Admittance Characteristics; 
Cascode Circuit Configuration: 
(For Each Amplifier) 


Forward Transfer Admittance 


Input Admittance 


lljn nTn FiT. liiTi i ETTra j 


Reverse Transfer Admittance 


Noise Figure 


Vcb = 3 V 
Total Stage 
l c % 2.5 mA 
f = 1 MHz 


- 

- 

-20+j0 

- 

mmho 

13a 

- 

- 

0.22 +j 0.1 

* 

mmho 

13b 

- 

• 

0.01+j0 

- 

mmho 

13c 

IKfl 

MM 

*0.003 +j0 

■I 

mmho 

13d 


0.004-j0.005 


|Q 2 e f-EMITTER CURRENT (I E )»(T- 
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■S0 

m 
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AMBIENT TEMPERATURE (Tft)— *C" 

For CA3054: use data from 0°C to 85°C only 










































CA3026, CA3054 File No. 388 

TYPICAL STATIC CHARACTERISTICS 



-75 -50 -25 0 25 50 75 100 125 -75 - 50 -25 O 25 5 0 75 100 125 


AMBIENT TEMPERATURE (T a ) *C * 92CS-I5I86RI AMBIENT TEMPERATURE (T A )—*C * 92CS-I5I88RI 

Fig. 4 - Base-to-emitter voltage characteristic for each Fig. 5 - Offset voltage characteristic vs ambient temper- 
transistor vs ambient temperature. ature for differential pairs. 

* For C A3 054: use data from 0°C to 85°C only 



EMITTER MILUAMPERES(Ie) 92CS-I5I84RI 


Fig. 6 - Static base-to-emitter voltage characteristic and 
input offset voltage for differential pairs vs emitter 
current. 



Fig.7 - Input offset current for matched differential 
pairs vs collector current. 


TYPICAL DYNAMIC CHARACTERISTICS 


COMMON MODE REJECTION RATIO 




DC BIAS VOLTS ON TERMINAL © QT] (V X > 92CS-I5253RI 

(b) Characteristic 
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CA3026, CA3054 


TYPICAL DYNAMIC CHARACTERISTICS (cont’d) 

SINGLE-STAGE VOLTAGE GAIN 


Terminal Numbers in Circles are 
for CA3026 

Terminal Numbers in Square Boxe 
are for CA3054 



: POSITIVE DC SUPPLY VOLTS (Vcc> “ +12 
i NEGATIVE DC SUPPLY VOLTS (V EE ) * -6 
: FREQUENCY (f) - l kHz 
i SIGNAL INPUT MILLIVOLTS * 10 (rms) 


(a) Test setup 


Terminal Numbers in Circles are 
for CA3026 

Terminal Numbers In Square Boxes 
are for C A3 054 . P 


V EE «-6V Vcc-+I2V 


Fig. 9 

TW-STAGE VOLTAGE GAIN 


DC BIAS VOLTS ON TERMINAL (§) QTj (V X ) 

(b) Characteristic 


POSITIVE DC SUPPLY VOLTS (Vcc) * +12 


NEGATIVE DC SUPPLY VOLTS (V EE ) 


I mV (rms) SOURCE 



(a) Test setup 


92CS-I5255RI DC BIAS VOLTS ON TERMINALS © [|] AND©[77] (Vx» 

0 (b) Characteristic 


TYPICAL DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 


100 -COLLECTOR-TO-BASE VOLTS (Vcb> = 3 
6 -FREQUENCY (f) = l kHz 
4 . AMBIENT TEMPERATURE (T A )=25°C 



COLLECTOR MILLIAMPERES <Ic) 92CS-I5I90RI 

Fig. 11 - Forward current-transfer ratio (hf e ), short-circuit 
input impedance (hj e ), open-circuit output impedance 
(h Qe )f and open-circuit reverse voltage-transfer ratio 
(h. e ) vs collector current for each transistor. 



12 3 4 5 6 7 


COLLECTOR MILLIAMPERES (Ic) 

92CS-I5I96RI 

Fig.12 - Gain-bandwidth product (fj) vs collector 
current. 
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DIFFERENTIAL CONFIGURATION 

COLLECTOR-TO-BASE VOLTS (V C 8)‘3 

COLLECTOR CURRENT (Ic) OF EACH TRANSISTOR » 145 mA 


11— i 


Ihiih 

ilnniiu 

IniiiH 

inmiii 

HI 
i ■■ 
IH 

irasi 

sail 

ilia 

aa 

!■ 



100 200 

FREQUENCY (f) — MHz 92CS-I5259RI 

Fig. 74(a) - Forward transfer admittance (Y ) v s frequency. 


FREQUENCY (f)— MHz 92CS-I5260 

Fig.] 4(b) - Input admittance (Y ]]) vs frequency. 
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CA3026, CA3054 


TYPICAL CHARACTERISTICS FOR EACH CASCODE AMPLIFIER (cont’d) 
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CASCODE CONFIGURATION 
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AMBIENT TEMPERATURE (T A ) » 25*C 
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Fig. 14(c) - Output admittance (Y 22) vs frequency. 


Fig. 14(d) - Reverse transfer admittance (Y J2) vs frequency. 
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rcaan 

Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3028A, CA3028AF, CA3028AS 
CA3028B, CA3028BF, CA3028BS 
CA3053, CA3Q53F, CA3053S 


w 

8-Lead TO-5-Style 
"DIL-CAN" Package 
H-1787 


8- Lead 
TO-5-Style 
Package 8-Lead Dual-1 n-Line 

Frit-Seal (Hermetic) 
H-1528 Package H-1805 




DIFFERENTIAL/CASCODE 

AMPLIFIERS 

For Communications and 
Industrial Equipment at 
Frequencies from DC to 120 MHz 

FEATURES 

• Controlled for Input Offset Voltage, 

Input Offset Current, and Input Bias 
Current (CA3028B) 

• Balanced Differential Amplifier 
Configuration with Controlled 
Constant-Current Source to Provide 


Unexcelled Versatility 
• Single- and Dual-Ended Operation 
o Operation from DC to 120 MHz 
© Balanced-AGC Capability 
© Wide Operating-Current Range 


The CA3028A and CA3028B are differential/cascode ampli- 
fiers designed for use in communications and industrial equip- 
ment operating at frequencies from dc to 120 MHz. 


APPLICATIONS 

• RF and IF Amplifiers (Differential or Cascode) 


The CA3028B is like the CA3028A but is capable of premium 
performance particularly in critical dc and differential ampli- 
fier applications requiring tight controls for input offset voltage, 
input offset current, and input bias current. 

The CA3053 is similar to the CA3028A and CA3028B but is 
recommended for IF amplifier applications. 

The CA3028A, CA3028B, and CA3053 are supplied in a 
hermetic 8-lead TO-5-style packaae. The "F" versions are 
supplied in a frit-seal package and the "S" versions in formed- 
lead (DIL-CAN) packages. 


• DC, Audio, and Sense Amplifiers 

• Converter in the Commercial FM Band 

• Oscillator • Mixer o Limiter 

• Companion Application Note, ICAN 5337 “Application 
of the RCA CA3028 Integrated Circuit Amplifier in the 
HF and VHF Ranges.” This note covers characteris- 
tics of different operating modes, noise performance, 
mixer, limiter, and amplifier design considerations. 



Fig. 7 - Schematic diagram (or CA3028A, CA3028B and 
CA3053. 


ABSOLUTE MAXIMUM RATINGS AT T A = 25°C 
DISSIPATION: 

At T A up to 55°C 

(CA3028AF, CA3028BF. 

CA3053F) 750 mW 

At T a > 55°C 

(CA3028AF, CA3028BF, 

CA3053F) Derate linearly 6.67 mW/°C 


At T A up io 85°C 

(CA3028A, CA3028B, CA3053) 450 mW 

At T a > 85°C 

(CA3028A, CA3028B, CA3053) Derate linearly 5 mW/°C 
AMBIENT-TEMPERATURE RANGE: 

Operating — 55°C to +125°C 

Storage — 65°C to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32" (1.59 ± 0.79 mm) 

from case for 10 seconds max +265°C 
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CA3028A, CA3028B, CA3053 



MAXIMUM 

CURRENT RATINGS 


This chart gives the range 
of voltages which can be applied 
to the terminals listed horizontally 
with respect to the terminals 
listed vertically. For example, 
the voltage range of the horizontal 
terminal 4 with respect to terminal 
2 is -1 to +5 volts. 


+ Terminal #3 is connected to the sub- 
strate and case. 

* Voltages are not normally applied be- 
tween these terminals. Voltages 
appearing between these terminals 
will be safe, if the specified volt- 
age limits between all other termi- 
nals are not exceeded. 

Limit is -12V for CA3053 
0 Limit is +15V for CA3053 
^ Limit is +12V for CA3053 
° Limit is +24V for CA3028A and 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST 

CIR- 

CUIT 

SPECIAL TEST 

CONDITIONS 

LIMITS 

TYPE CA3028A 

LIMITS 

TYPE CA3028B 

LIMITS 

TYPE C A3 053 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 



Fig. 


Min. |Typ. | Max. 

Min.| Typ. |Max. 

Min. |Typ. |Max. 





I STATIC CHARACTERISTICS 



Quiescent Operating 
Current 



6V Ic 
12V I ; 




AGC Bias Current 
(Into Constant-Current 
Source Terminal No.7) 



1.28 

1.65 



mA 
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ELECTRICAL CHARACTERISTICS at T a = 25°C (cant’d) 
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Fig. 2 - Input offset voltage test circuit for CA3028B. 


Vcc 



92CS-I5647 

Fig. 3b - Input bias current , device dissipation, and 
quiescent operating current test circuit for CA3053. 


Vcc 



Fig. 3a - Input offset current, input bias current, device 
dissipation, and quiescent operating current test circuit 
for CA3028A and CA3028B. 
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TYPICAL CHARACTERISTICS 



Fig. 5a - Input bias current vs. ambient temperature for 

CA3028A and CA3028B. 
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ature for CA3028A and CA3028B. 
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Fig. 6b - Quiescent operating current vs. ambient temper- 
ature for CA3053 . 
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TYPICAL CHARACTERISTICS AND TEST CIRCUITS 



Fig. 8a - AGC bias current test circuit (differential - 
amplifier configuration) for CA3028A and CA3028B. 



Fig.9 - Device dissipation vs. temperature for CA3028A 
and CA3028B. 


CASCODE CONFIGURATION 
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Fig.lOb - Power gain vs. frequency (cascode configuration) 
for CA3028A and CA3028B. 
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AGC BIAS VOLTS (V AGC ) TERMINAL No.7 

92CS-I4487 

Fig. 8b - AGC bias current vs. bias volts (terminal No.7) 
for CA3028A and CA3028B. 



* FOR POWER GAIN TEST 
A FOR NOISE FIGURE TEST 


Fig. 10a - Power gain and noise figure test circuit (cascode 
configuration) for CA3028A, CA3028B and CA 3053*. 

* 10.7 MHz Power Gain Test Only. 



92CS— 14486 

Fig. 10c - 100 MHz noise figure vs. collector supply 
volts (cascode configuration) for CA3028A and CA3028B. 
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TYPICAL NOISE FIGURE AND POWER GAIN TEST CIRCUITS AND CHARACTERISTICS 



* FOR POWER GAIN TEST 

* FOR NOISE FIGURE TEST 92CS -14496 



92CS-I4495 


Fig. 11b - Power gain vs. frequency (differential- 
amplifier configuration) for CA3028A and CA3028B. 


5K 



* FOR POWER GAIN TEST 

* FOR NOISE FIGURE TEST 92CS-I45I6 


Fig. lid - Power gain and noise figure test circuit (differ- 
ential-amplifier configuration for CA3028A and CA3028B. 


Fig. 11a - Powergain and noise figure test circuit (differ- 
ential-amplifier configuration and terminal No. 7 connected 
to v cc ) for CA3028A, CA3028B and CA3053*. 

* 10.7 MHz Power Gain Test Only. 



92CS— 14485 

Fig. 77c - 100 M Hz noise figure vs. collector supply 
voltage (differential-amplifier configuration) for CA3028A 
and CA3028B. 



92CS-I4484 

Fig. lie - 100 MHz noise figure and power gain vs. base- 
to-emitter bias (terminal No.7) for CA3028A and CA3028B. 
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TYPICAL ADMITTANCE PARAMETERS 


FREQUENCY (f } — MHz 

92CS-I4493 

Fig. 12 - Input admittance (Y]]) vs. frequency (cascode Fig. 13 - Input admittance (Y ] ])vs. frequency (differential- 
configuration) for CA3028A, CA3028B and CA3053. amplifier configuration) for CA3028A, CA3028B and CA3053. 




FREQUENCY (f ) — MHz 

92CS- 14491 



92CS-I4494 


Fig. 14 - Reverse transadmittance (Y ]2) vs • frequency 
(cascode configuration) for CA3028A, CA3028B and 
CA3053. 



92CS-I4490 


Fig. 15 - Reverse transadmittance (Y ]2) vs. frequency 
(differential-amplifier configuration) for CA3028A , CA3028B 
and CA3053. 




Fig. 16 - Forward transadmittance (Y 2l) vs. frequency Fig. 17 - Forward transadmittance (Y 2 ]) vs. frequency 
(cascode configuration) for CA3028A, CA3028B and (differential-amplifier configuration) for CA3028A,CA3028B 
CA3053. and CA3053. 
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TYPICAL ADMITTANCE PARAMETERS 
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' 56 ' 89 I0 2 

FREQUENCY (f)-MHz 


92CS-I4505 

Fig. 18 - Output admittance (Y 22) vs - frequency (cascode 
configuration) for CA3028A, CA3028B and CA3053. 



6 8 |0 2 4 6 8 IOO 

FREQUENCY (f)-MHz 

92CS-I4503 


Fig. 19 - Output admittance (Y22) vs - frequency (differ- 
ential-amplifier configuration) for CA3028A, CA3028B 
and CA3053. 


TYPICAL TEST CIRCUITS AND CHARACTERISTICS 



OUTPUT 

92CS-I45I4 


Fig. 20a - Output power test circuit for CA3028A and 
CA3028B. 



FREQUENCY (f) -MHz 92CS-I4509 


Fig. 20b - Output power vs. frequency — 50 Cl input and 
500 output (differential-amplifier configuration) for 
CA3028A and CA3028B. 



Fig. 21 a - ACC range test circuit (differential amplifier) 
for CA3028A and CA3028B. 



DC BIAS VOLTS ON TERMINAL No.7 92CS-I4506 


Fig. 21b - ACC characteristics for CA3028A and CA3028B. 
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TEST CIRCUITS AND TYPICAL CHARACTERISTICS 


v cc 



Fig. 22a - Transfer characteristic (voltage gain) test 
circuit (1 0.7 MHz) cascode configuration for CA3028A, 
CA3028B and CA3053. 


v cc 



Fig. 22c - Transfer characteristic (voltage gain) test 
circuit (10.7 MHz) d ifferential-amplifier configuration 

for CA3028A, CA3028B and CA3053. 


Vcc 



For R = 2 kQ - (V C c = 6V, VeE = *6V) 

Fig. 23 - Differential voltage gain, maximum peak-to-peak 
output voltage, and bandwidth test circuit for CA3028B. 
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92CS-I45O0RI 

Fig. 22b - Transfer characteristics (cascode configuration) 
for CA3028A, CA3028B and CA3053. 



92CS-I4307 

Fig.22d - Transfer characteristics (differential-amplifier 
configuration) for CA3028A, CA3028B and CA3053. 



For CMR test: Si to ground 

For input common-mode voltage range test: Si to Vx 


Common mode rejection ratio = 20 log 1n ^-L^LiMl 

v DIFF* RMS ) 

* A = Single-ended voltage gain. 

Fig. 24 - Common-mode rejection ratio and common-mode 
input-voltage range test circuit for CA3028B. 
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QUCBZ/D Linear Integrated Circuits 

Solid State 

Division CA3033 CA3033A 

CA3047 CA3047A 



Operational Amplifiers 

For High-Output-Current Applications 

APPLICATIONS 

H Comparator 
■ Integrator 
H Differentiator 
H Audio Amplifier 
n Summing Amplifier 


H Servo Driver 
■ DC Amplifier 
0 Multivibrator 
B Narrow Band and Band Pass 
Amplifier 


RCA-CA3033 is a high-performance integrated circuit oper- 
ational amplifier featuring high input impedance, high gain, 
high power output, and low input-offset voltage and current. 
The device consists of two differential amplifiers in cascade 
and a single-ended class-B power output stage on a single 
monolithic silicon chip. 

RCA-CA3033A has all the superior features and character- 
istics of the CA3033 but, in addition, can be operated at 
higher supply voltages to provide higher gain, higher com- 
mon mode rejection, greater maximum output voltage swing, 
and more than double the power output. 

RCA-CA3033 and CA3033A are hermetically sealed in 14- 
lead "dual-in-line" ceramic packages and are designed for 
operation over the full military temperature range of — 55 °C 
to +125°C. 

The RCA-CA3047 and CA3047A are electrically identical 
to the CA3033 and CA3033A, respectively, but are limited 
in operating and storage temperature range. 

The RCA-CA3047 and CA3047A are supplied in 14-lead, 
"dual-in-line" plastic packages and are designed to operate 
over the temperature range of 0°C to +70 °C , ambient. 


Companion Application Note, I CAN-5641 "Application of 
RCA CA3033 and CA3033A High Performance Integrated- 
Circuit Operational Amplifiers." 

The resistance values included on the schematic diagram 
have been supplied as a convenience to assist Equipment 
Manufacturers in optimizing the selection of "outboard" 
components of equipment designs. The values shown may 
vary as much as ±30%. 

RCA reserves the right to make any changes in the Resistance 
Values provided such changes do not adversely affect the 
published performance characteristics of the device. 


FEATURES 

CA3033 CA3033A 

CA3047 CA3047A 



v + 

= +12 V 

V + = 15 V 



V- 

= -12 V 

V - = —15 V 


D 

Output Current 

36 

76 

mA min. 

D 

Input Offset Current . 

35 

25 

nA max. 

■ 

Open Loop Differential 
Gain 

84 

87 

dB min. 

□ 

Output Voltage Swing. 

18 

23 

Vp. p min. 

■ 

Input Bias Current . . . 

350 

180 

nA max. 

■ 

Power Output 

80 

220 

mW min. 

B 

Common Mode Re- 
jection Ratio 

84 

93 

dB min. 



Fig. 1- Schematic diagram of operational amplifiers, 
CA3033, CA3033A, CA3047, CA3047A. 
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CA3033, CA3033A, CA3047, CA3047A 


ABSOLUTE-MAXIMUM RATINGS 

INPUT SIGNAL VOLTAGE 

DEVICE DISSIPATION: 

Up to T/ = 25 °C 

Above Ta = 25 °C 

TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During Soldering) : 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 1 0 seconds max. 


CA3033 CA3033A 

±10V —13 V, +10 V 

1.2 W 1.2 W 

Derate at 8 mW/°C 

-55 °C to +125°C 
— 65°C to +150°C 


CA3047 CA3047A 

±10V —13V, +10 V 

750 mW 750 mW 
Derate at 6.67 mW/°C 

0 °C to +70 °C 
-65 °C to +150 °C 


+265°C 


MAXIMUM VOLTAGE RATINGS at Ta = 25° C CA3033, CA3047 MAXIMUM 

The following chart gives the range of voltages which can be applied to the terminals listed vertically CURRENT RATINGS 

with respect to the terminals listed horizontally. For example, the voltage range of the vertical ter- CA3033 CA3047 

minal 1 with respect to 'the horizontal terminal 14 is 0 to +4 volts. CA3033A CA3047A 



Notes: 1 . This rating applies to the more positive terminal of terminals 8 and 1 3. 

2. This rating applies to the more positive terminal of terminals 9 and 12. 

3. This rating applies to the more positive terminal of terminals 1 0 and 1 1 . 

*Voltages are not normally applied between these terminals. Voltages appearing between these terminals will be safe if the 
specified limits between all other terminals are not exceeded. 
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MAXIMUM VOLTAGE RATINGS at T A = 25° C CA3033A, CA3047A 

The following chart gives the range of voltages which can be applied to the terminals listed vertically 
with respect to the terminals listed horizontally. For example, the voltage range of the vertical ter- 
minal 1 with respect to the horizontal terminal 14 is 0 to +4 volts. 


TERM- 

INAL 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

+4 

0 

2 



* 

* 

* 

* 

, 

* 

* 

* 

* 

* 

* 

+38 

0 

3 




* 

* 

0 

-38 

* 

* 

* 

* 

* 

* 

* 

+38 

0 

4 





+5 

-1 

0 

-22 

* 

* 

* 

* 

* 

* 

* 

+38 

0 

5 






0 

-38 

* 

+30 

-1 

Note 1 

* 

* 

* 

* 

+30 

-2 

Note 1 

* 

6 







+38 

0 

+38 

0 

+38 

0 

+38 

0 

+38 

0 

+38 

0 

+38 

0 

+38 

0 

7 








+30 

-2 

Note 1 

. 

* 

* 

* 

+20 

-2 

Note 1 

+38 

0 

8 









+30 

-1 

Note 2 

+30 

-2 

Note 3 

+30 

-2 

Note 3 

+30 

-1 

Note 2 

* 

+38 

0 

9 










+ 1 

-5 

* 

+5 

-5 

+1 
-30 
Note 2 

+38 

-5 

10 











+ 10 
-10 

* 

+2 
-20 
Note 3 

+38 

-10 

11 












+ 1 

-5 

+2 

-30 
Note 3 

+38 

-10 

12 













+1 
-30 
Note 2 

+38 

-5 

13 














* 

14 














Sub- 

strate 


Notes: See CA3033, CA3047 Rating Chart Notes. 


MAXIMUM 

CURRENT 

RATINGS 

are 

identical 
for all 
four types 

(See CA3033, 
CA3047 chart) 



OFFSET VOLTAGE (V I0 ) IN VOLTS AS V OUT /I00, THUS 
V I0 (IN VOLTS) = 

U 100 92CS-I7328 

Fig. 2a - Input offset voltage, input offset voltage sensitivity, 
and device dissipation test circuit. 



Fig. 2b - Typical input offset voltage vs. ambient tem- 
perature. 
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ELECTRICAL CHARACTERISTICS 
For Equipment Design 








LIMITS 






Test Conditions 



CA3033 


CA3033A 










CA3047 


CA3047A 








Typical 


DC SuddIv Voltage 


Units 

Characteristics 

Symbols 

Cir- 



Charac- 


V+= 12 V 

V+= 15 V 




cuit 

t a 

= 250 C 

teristics 

Curves 


/- = —12 V 

V— = —15 V 




Fig. 



Fig. 

Min. 

Typ. 

Max. 

Min. Typ. 

Max. 


Input Offset Voltage 

V I0 

2a 



2b 

- 

2.6 

5 

2.9 

5 

mV 

Input Offset Current 

X I0 

3a 



3b 

- 

5 

35 

9 

25 

nA 

Input Bias Current 

II 

3a 



3c 

- 

70 

350 

100 

180 

nA 

Input Offset Voltage Sensitivity: 












Positive 

AV IQ /AV+ 

2a 



- 

- 

0.3 

0.5 

0.2 

0.5 

mV/V 

Negative 

AVJO/AV- 

2a 



- 

- 

0.3 

0.5 

0.2 

0.5 

mV/V 

Device Dissipation 

Pt 

2a 



- 

60 

120 

180 

80 170 

300 

mW 

Open-Loop Differential 

Voltage Gain 

AoL 

- 


f = 1 kHz 

4 

84 

90 

- 

87 93 

- 

dB 

Common-Mode Rejection Ratio 

CMRR 

- 



5 

84 

100 

- 

93 105 

- 

dB 

Common-Mode Input-Voltage 
Range 

VlCR 

- 



- 

-7.5 

+5,-9 

+3.5 

-9.7 6,-11 

4.7 

V 





RL = 50012 


18 

22 

_ 

_ _ 

_ 


Maximum Output-Voltage Swing 

V 0 (P-P) 


f = 

1kHz 

R|_ = 300 f2 



- 


23 25 

- 

vp-p 

Input Impedance 

Zl 

- 



- 

0.25 

1.5 

- 

0.6 1 

- 

Mft 

Output Current 

io 



R|_ = 500 S2 

6 

35 

44 




mA- 

— 







Rl_ = 300 ft 


- 

- 

- 

76 83 

- 

(P-P) 

Power Output 

THD<5% 

Po 

- 


RL = 500 £2 
Rl = 300 r2 

7 

80 

122 

— 

220 255 

_ 

mW 


ELECTRICAL CHARACTERISTICS 

Typical Values Intended Only for Design Guidance 


Input Offset Voltage Drift 
-550 C to 1250 C 

V 10 /AT 

2a 


2b 

6.6 - 

- 

6.6 

- 

mV/ 

OC 

Input Offset Current Drift 










-550C to 250C 

Il0/ A T 

3a 


3b 

1 

- 

1 

- 

nA/ 

OC 

25°C to 1250C 





0.08 - 

- 

0.08 



60*dB Amplifier Bandwidth 

BW 

8a 

C x , Cy - 0.001 /iF 

8b, c 

230 - 

- 

350 

- 

kHz 

Slew Rate 

SR 

9 

(amplifier circuit only) 

- 

2.7 

- 

3 

- 

V/jUs 
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CA3033, CA3033A, CA3047, CA3047A 


File No. 360 



Fig. 3a - Input offset current and input bias current test 
circuit. 
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92CS-I7323 


Fig. 3b - Typical input offset current vs. ambient tem- 
perature. 


A. Inverting Input Current 

Set switch, S-| in closed position and set switch, S 2 in open 
position. 

Measure output voltage and convert this reading to inverting 
input current using the following relation: 

Vqut < in volts) 

1 1 inverting (in juA) = “ ~ 

B. Non-inverting Input Current 

Set switch, S-j in open position and set switch, S 2 in closed 
position. 

Measure output voltage and convert this reading to non- 
inverting input current using the following relation: 

— Vqut (' n volts) 

1 1 non-inverting (in pA) = ■ — 

C. Input Offset Current 

Set switches, S-j and S 2 in open positions. 

Measure output voltage and convert this reading to input 
offset current using the following relation: 

Vqut (' n vo l ts ) 
l|0 < in ^ A > = 75 



92CS- 17326 


Fig. 3c- Typical input bias current vs. ambient temperature. 
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AMBIENT TEMPERATURE (T A ) — °C 

92CS— I4907RI 

Fig. 4 - Typical open-loop differential voltage gain vs. 
ambient temperature. 


AMBIENT TEMPERATURE (Ta) — °C 


92CS-I4906RI 


Fig. 5 - Typical common mode rejection ratio vs. ambient 
temperature. 
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CA3033, CA3033A, CA3047, CA3047A 


< 

E 

AMBIENT TEMPERATURE(T a )-25°C 

_ 





zz 


_ 




i 





:z 


z 


z: 


















z 





:z 


i 


ZE 


CL 














z 



z 





:z 


z 


z: 


o 
























- 




iJtL 






















_ 


- 


























ii 


z 




1 100 






















- 


- 























_ 




















































-- 

_ 



_ 






3 

a. 75 


















:: 




II 






F- 


















-- 










O 


















__ 





























4- 

-- 









2 50 
























a_ 















TTT“r4 


tt 






O 






-- 




-- 



v-t 




C 





V 25 


;E 








:E 




hr 

< V 


V 

':ri2v- 


: 


= = 



2 













:z 

hr 

:: 

Ez 

ZE 

±1 



i 


:z 



“■ 0 










EE 



EE 

5 


E~ 

3 

EE 

zbiztizj 


i 


:: 




O.l 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

LOAD RESISTANCE (R L ) — kfl 

92CS-I7324 


Fig. 6- Typical peak-to-peak output current vs. load re- 
sistance. 



92CS-I7325 

Fig. 7 - Typical power output vs. load resistance. 


Cx Cy 



Fig. 8a - Typical 60-dB 
amplifier. 



Fig. 8b - Typical phase compensation characteristics for 
CA3033, CA3047 (V+ = +12V,V~ = -12 V) 


For any desired closed loop gain (in decibels), read horizontally 
along the gain line to the attenuation curve which provides the 
desired closed loop bandwidth. The required values for the 
compensation capacitors is shown on the curve. Move, vertically 
from the intersection of the gain and attenuation lines until the 
phase angle curve (0) is reached and read the phase angle be- 
tween the input and output on the right-hand scale. The differ- 
ence between the indicated phase angle and 180° is the typical 
phase margin. (A minimum phase margin of 45° is recom- 
mended to allow for component variations and differences 
among amplifiers.) If the phase margin is smaller than required, 
the desired bandwidth can be stably achieved through the use 
of a more complex feedback network. As the closed loop gain 
approaches unity, the compensating capacitors required (0.3 /iF 


to 1.0 juF) are bulky and costly. A capacitor one-half the value 
shown on the chart, connected between terminals 8 and 1 3, and 
a 0.001 pF capacitor from either terminals 8 or 13 to ground 
or V - is an acceptable alternative method. This arrangement 
provides the same gain-phase roll-off shown on the curves and 
permits the use of more readily available, lower-voltage disc 
capacitors which are smaller and cost less. For linear operation, 
the maximum expected difference voltage between the two 
collectors is less than 1 volt. 

Figure 8a shows the phase compensating capacitors (C x> Cy) 
returned to ground. In some systems with large parasitic im- 
pedances in the power supply system, returning these capacitors 
to the negative (V - ) supply may result in more stable operation. 
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Fig. 8c - Typical phase compensation characteristics for 
CA3033A, CA3047A (V+ = 15 V,V~ = - 15 V). 


OUTPUT 
5 V/DIV. 


INPUT 
I V/DIV. 


Tl ME-IO/as / Dl V. 
(a) 


V + = 30 V, R[_=l kft 



TIME-10 fts/DIV. 

(b) 

92CS-I7393 



FREQUENCY— kHz 

92CS- 17321 


(V + )* 



ARE IN OHMS 


Fig. 9 - Amplifier with single voltage supply and associated pulse response waveforms and distortion curves. 
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OPERATING CONSIDERATIONS 

The CA3033, CA3033A, CA3047, and CA3047A opera- 
tional amplifiers have very high peak-pulse current capa- 
bility. The open-loop output impedance is typically less 
than 30 ohms at 10 kHz and the peak short-circuit output 
current may exceed 100 milliamperes. To prevent possible 
damage to the chip because of excessive dissipation it is 
important that the output stage is not subjected to sustain- 
ed high peak currents. To minimize the possibility of dam- 


CA3033, CA3033A, CA3047, CA3047A 

age from accidental shorts, it is recommended that a 51 -ohm 
resistor be placed in series with the output circuit. 

When high peak output currents are required of the ampli- 
fier, it is desirable to provide a current-limiting resistor of 
about 2200 ohms in series with the collector of transistor 
Q-|4. This resistor may be returned to ground, or, if its 
value is increased to 4700 ohms; it may be returned to the 
V + terminal. 
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Solid State 
Division 


Linear Integrated Circuits 

CA3035 

CA3035V1 


Ultra-High-Gain 
Wide-Band Amplifier Array 

Monolithic Silicon 


o Three Individual General-Purpose Amplifiers 

o Ideal for service in Remote-Control Amplifiers e.g., TV Receivers 

© Available in two electrically identical versions: CA3035 with straight 
leads; CA3035V1 with formed leads 

HIGHLIGHTS 

o Three separate amplifiers — 

gain and bandwidth for each amplifier can be adjusted 
with suitable external circuitry 
© Amplifiers operable independently or in cascade 
© Exceptionally high cascade voltage gain — 

129 dB typ. at 40 kHz 


CA3035 



10-LEAD 

TO-5 


CA3035V 1 



FORMED-LEAD 
10-LEAD TO-5 


© Low noise performance e Wide-band response 

o All amplifiers single-ended — 

only one power supply required 
• Wide operating temperature range — 

-55°C to +125°C 

© Built-in temperature compensation 
© Hermetically sealed, all-welded 10-lead TO-5-style 
metal package with straight or formed leads 

SCHEMATIC DIAGRAM FOR CA3035 AND CA3035V1 



TYPICAL REMOTE CONTROL SYSTEM 


+ I3V 



Fig. 2 
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CA3035, CA3035V1 


ABSOLUTE-MAXIMUM RATINGS: 

Operating Temperature Range -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Device Dissipation 300 m \y 

Input Voltage 1 V p-p 

Supply Voltage +15V 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 


ELECTRICAL CHARACTERISTICS AT T A = 25°C 
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TYPICAL 1st- AMPLIFIER RESPONSE 


STATIC CHARACTERISTICS 
TEST CIRCUIT 

Vcc = +9 V 



NOISE FIGURE TEST CIRCUIT 


+ 9 V 



NOTE: SET ALL INTERNAL POWER SUPPLIES ON QUAN TECH 
NOISE ANALYZER TO ZERO VOLTS. 


Fig. 4 



92CS-I4635 


Fig. 5 

TYPICAL 2nd- AMPLIFIER RESPONSE 


50 

CO 

T5 

COMMON-EMITTER CIRCUIT 

(FOLLOWED BY EMITTER FOLLOWER) 

NO FEEDBACK 

AMBIENT TEMPERATURE (T A )=25°C 
COLLECTOR- SUPPLY VOLTS (V cc )=+9 
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Fig. 6 


TYPICAL 3rd- AMPLIFIER RESPONSE 
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Solid State 
Division 


Linear Integrated Circuits 

CA3036 


DUAL DARLINGTON ARRAY 

Monolithic Silicon 


• Two independent low-noise wide-band amplifier channels 

• Particularly useful for preamplifier and low-level amplifier applications in single- 
channel and stereo systems 

• Wide application in low-noise industrial instrumentation amplifiers 


HIGHLIGHTS 

• Matched transistors with emitter-follower outputs 

• Low-noise performance 
•200-MHz gain-bandwidth product 

• Operation from -55°C to +125°C 

• Hermetically sealed, all-welded 10-lead T0-5-style 
metal package 


10-Load 

TO-5 


APPLICATIONS 

• Stereo phonograph preamplifiers 

• Low-level stereo and single channel 
amplifier stages 

o Low-noise, emitter-follower differential amplifiers 
o Operational amplifier drivers 


MAXIMUM RATINGS, Absolute-Maximum Values: 


POWER DISSIPATION, P: 

Any one transistor 300 max. mW 

Total for array 600 max. mW 

TEMPERATURE RANGE: 

Operating -55 to +125 °C 

Storage -65 to +150 °C 

LEAD TEMPERATURE (During Soldering): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) 

from case for 1 0 seconds max +265 °C 

The following ratings apply for each transistor in the array: 
Collector-to-Emitter Voltage, Vqeq .... 15 max. V 

Collector-to-Base Voltage, VqbO 30 max. V 

Emitter-to-Base Voltage, V^bO 5 max. V 

Collector Current, Iq 50 max. mA 
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ELECTRICAL CHARACTERISTICS, at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST 

CONDITIONS 

LIMITS 

TYPE CA3036 

UNITS 

Min. 

Typ. 

Max. 

For Each 
Transistor 
(Ql, 02, Q3, 04) 

Collector-Cutoff Current 

ICBO 

VCB=5V, Ie =0 

- 

- 

0.5 

/xA 

Collector-Cutoff Current 

ICEO 

VCE =10 V, IB =0 

- 

- 

5 

A A 

Collector-to-Emitter Breakdown Voltage 

V(BR)CE0 

1C =1 mA, Ib =0 

15 

20 

- 

V 

Col lector-to-Base Breakdown Voltage 

V(BR)CBO 

1C = 10 //A, Ie =0 

30 

44 

- 

V 

Emitter-to-Base Breakdown Voltage 

V(BR)EBO 

lE = 10 /xA, lc =0 

5 

6 

- 

V 

For Either Input 
Transistor (Qi or Q 3 ) 

Static Forward Current-Transfer Ratio 

hFE 

>C1 or Iq 3 =1 mA 

30 

82 

-- 

-- 

For Either 
Darlington Pair 
(Ql, Q 2 or Q 3 , Q 4 ) 

Emitter-to-Base Breadkown Voltage 

V(BR)EBO(D) 

lE2 or *E4 ~ 10 /xA 

10 

12.6 

-* 

V 

Static Forward Current-T ransfer Ratio 

hFE(D) 

IC 1 + IC 2 ) 
or >=lmA 

•C3 + IC4 ) 

1000 

4540 

-- 

- 

For Each 

Input Transistor 
(Ql or Q 3 ) 

Short-Circuit Forward Current-Transfer Ratio 

hfe 

f = 1 kHz 

Id or IC 3 =1 mA 

- 

82 

- 

- 

Short-Circuit Input Impedance 

hie 

- 

2.6K 

- 

Q 

Open-Circuit Output Admittance 

hoe 

- 

7 

- 

//mho 

Open-Circuit Reverse Voltage-Transfer Ratio 

hre 

-- 

9.8 x 10-5 

- 

- 

For Either 
Darlington Pair 
(Ql. Q 2 or Q 3 , 04) 

Short-Circuit Forward Current-Transfer Ratio 

hfe(D) 

i 

f = 1 kHz 

IC 1 + IC 2 ) 
or >=lmA 
<C3 + IC47 

- 

1300 

- 

- 

Short-Circuit Input Impedance 

hie(D) 

- 

82K 

- 

n 

Open-Circuit Output Admittance 

hoe(D) 

- 

108 

- 

//mho 

Open-Circuit Reverse Voltage-Transfer Ratio 

hre(D) 

- 

2.7 x 10-3 

- 

- 

Voltage Gain 

Ho) 

- 

26 

-- 

dB 

Power Gain 

Gp(D) 

- 

47 

- 

dB 

Noise Voltage 

See Fig.3 for Test Circuit 

e n 

f = 100 Hz 

- 

0.2 

3 

//V(rms) 
t/ f(Hz) 

f = 1 kHz 

-- 

0.05 

0.3 

f = 10 kHz 

- 

0.012 

0.1 

For Either 

Input Transistor 
(Ql or Q 3 ) 

Forward Transfer Admittance 

yfe 

f =50 MHz 

Id or Iq 3 =2 mA 

- 

0.68 +j 7.9 

- 

mmho 

Input Admittance (Output Short-Circuited) 

yie 

- 

4.14 + j 5.95 

- 

mmho 

Output Admittance (Input Short-Circuited) 

yoe 

- 

1.94 + j 2.64 

- 

mmho 

Reverse Transfer Admittance 
(Input Short-Circuited) 

yre 

-- 

Negligible 

-- 

mmho 

For either 
Darlington Pair 
(Ql, Q2 Of 03, 04) 

Input Admittance (Output Short-Circuited) 

Yie(D) 

f =50 MHz 
*C1 + IC2) 
or '= 2 mA 
<C3 + IC4 j 

- 

1.71 +j 2.8 

- 

mmho 

Output Admittance (Input Short-Circuited) 

yoe(D) 

- 

3.96 +j 2.6 

- 

mmho 

Gain-Bandwidth Product 

fT(D) 

150 

200 

- 

MHz 
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Fig. 2 - Block Diagram of Stereo System using CA3036 
as Phono Preamplifier. 
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Solid State 
Division 

CA3039 


Diode Array 

Six Matched Diodes on a Common Substrate 
Monolithic Silicon 


The RCA-CA3039 consists of six ultra-fast, low capac- 
itance diodes on a common monolithic substrate. Inte- 
grated circuit construction assures excellent static and 
dynamic matching of the diodes, making the array ex- 
tremely useful for a wide variety of applications in 
communication and switching systems. 


ULTRA-FAST 
LOW-CAPACITANCE 
HATCHED DIODES 


Five of the diodes are independently accessible, the 
sixth shares a common terminal with the substrate. 

For applications such as balanced modulators or ring 
modulators where capacitive balance is important, the 
substrate should be returned to a DC potential which is 
significantly more negative (with respect to the active 
diodes) than the peak signal applied. 


For Applications in 
Communications and 
Switching Systems 



H-1463 


12-Lead TO-5 


APPLICATIONS 

a Balanced modulators or demodulators 
o Ring modulators 
o High speed diode gates 
o Analog switches 


FEATURES 

o Excellent reverse recovery time — 1 ns typ. 
o Matched monolithic construction - 
Vp matched within 5 mV 
o Low diode capacitance — 

Cq = 0.65 pF typical at Vp = — 2 V 


ABSOLUTE MAXIMUM RATINGS AT T A = 25°C 
DISSIPATION: 

Any one diode unit lOOmW 

Total for device 600 mW 

For T a >55°C derate linearly 5.7 mW/°C 

TEMPERATURE RANGE: 

Operating — 55to+125°C 

Storage — 65to+150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) 

from case for 1 0 seconds max + 265°C 

PEAK INVERSE VOLTAGE, PIV for: D^ D 5 . . 5 V 

D 6 . . . 0.5 V 

PEAK DIODE-TO-SUBSTRATE VOLTAGE, V D) 
for D 1 —D 5 (term. 1, 4,5,8 or 12 to term. 10) . . +20, —IV 

DC FORWARD CURRENT, l F 25 mA 

PEAK RECURRENT FORWARD CURRENT, If . 100 mA 

PEAK FORWARD SURGE CURRENT, | f (surge) . 1 00 mA 



SUBSTRATE 
AND CASE 


92CS- 15262 


Fig. 1 - Schematic Diagram for CA3039 
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ELECTRICAL CHARACTERISTICS, at T A = 25° C 
Characteristics apply for each diode unit, unless otherwise specified. 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

LIMITS 


CHARAC- 

TERISTIC 

CURVES 

— 

MBMI 

■Ml 

FIG. 

DC Forward Voltage Drop 

Vf 

1 p = 50 /u-A 

- 

• 0.65 


S 

2 

1 mA 

- 


BBi 

mm 

3 mA 

- 

nm 

iililil 

mm 

10 mA 

- 

0.81 

||Qj| 

vm 

DC Reverse Breakdown Voltage 

V (BR)R 

Ir=-10/xA 


7 

- 

KB 

- 

DC Reverse Breakdown Voltage 

Between any Diode Unit and Substrate 

V (BR)R 

Ip = -10/xA 




B 

- 

DC Reverse (Leakage) Current 

IR 

Vr = -4 V 

- 




3 

DC Reverse (Leakage) Current 

Between any Diode Unit and Substrate 

>R 

V R = -10V 

- 

0.022 


nA 

4 

Magnitude of Diode Offset Voltage 
(Difference in DC Forward Voltage 

Drops of any Two Diode Units) 

■ 

l F = 1mA 

B 


B 

Q 

2 

Temperature Coefficient of |Vp^ - Vp^| 

A| v fi-v F2 | 

AT 

Ip = 1 mA 

- 

■ 

B 


D 

Temperature Coefficient of Forward Drop 

A Vp 

AT 

l F = 1mA 

- 

D 

fl 


n 

DC Forward Voltage Drop for 
Anode-to-Substrate Diode (D$) 

v F 

Ip = 1mA 

- 


B 

i 

B 

Reverse Recovery Time 

trr 

l F = 10 mA, l R = 10 mA 

- 

1 

- 


- 

Diode Resistance 

r D 

f = 1 kHz, Ip = 1 mA 

25 

30 

□ 


7 

Diode Capacitance 

C D 

V R = -2 V, l F = 0 

- 

0.65 

- 

PF 

8 

Diode-to-Substrate Capacitance 

C DI 

Vq| = +4 V, Ip = 0 

- 

3.2 

- 

PF 

9 


TYPICAL CHARACTERISTICS 


DC FORWARD VOLTS (V F ) 

p O O P 

i 

IENT 



TEN 
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1PE 
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RATUR 

11 
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DC FORWARD MILLIAMPERES (I F ) 

9ZCS-I5268 

Fig. 2 - DC forward voltage drop (any diode) and diode 
offset voltage vs DC forward current 



Fig. 3 - DC reverse (leakage) current (diodes 1,2,3, 4,5) 
vs temperature 
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TYPICAL CHARACTERISTICS 



Fig. 4 - DC reverse (leakage) current between diodes 
(1,2,3, 4, 5) and substrate vs temperature 



92CS-I526I 

Fig. 6 - DC forward voltage drop (any diode) vs 
temperature 
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DC REVERSE VOLTS (Vr) ACROSS DIODE 



92CS- 15269 

Fig. 5 - Diode offset voltage (any diode) vs temperature 



Fig. 7 - Diode resistance (any diode) vs DC 
forward current 



AND SUBSTRATE (TERMINAL 10) 


92CS-I5264 


Fig. 8 - Diode capacitance (diodes 1 ,2,3, 4, 5) vs 
reverse voltage 


Fig. 9 - Diode-to-substrate capacitance vs 

reverse voltage 229 
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DQGBZ/D Linear Integrated Circuits 

Solid State 
Division 

CA3040 


The RCA CA3040 is a monolithic silicon integrated 
circuit designed to meet the requirements of a wide 
variety of applications requiring high gain and wideband- 
width. The cascode-connected differential amplifier 
achieves a double-ended gain of37dB with atypical 3 dB 
bandwidth of 55 MHz. Emitter-Follower input and output 
stages provide the desirable high input impedance and 
low output impedance for coupling to other circuits. 

The CA3040 includes two biasing options, allowing the 
user to optimize his design over the entire military 
temperature range of -55 to +125°C. Bias Mode A yields 
a substantially constant voltage at the output terminals 
for applications using DC coupling to succeeding stages 
or requiring maximum dynamic range over the temperature 
range. DC output voltage varies less than 0.1 volt (typi- 
cally) over the entire temperature range while gain varies 
±2 dB. Bias Mode B provides extremely stable gain 
over the temperature range. Gain variation is 0 dB (typi- 
cally) in this Bias Mode. DC variation is ±0.8 volt. 

Provisions are also made for stabilizing the operating 
point for either single or split power supplies. 


VIDEO and WIDE BAND 
AMPLIFIER 

For Industrial and 
Commercial Equipment at 
Frequencies up to 200 MHz 


O High Differential Push-Pull Voltage Gain.... 
Single-Ended Voltage Gain 

• Wide (3dB) Bandwidth 

• Balanced Input and Output 

• High Input Resistance 

• Low Output Resistance 

• Bias Options for Temperature Compensation: 

Bias Mode A: “Constant” Voltage 
Bias Mode B: “Constant” Gain 


FEATURES 


APPLICATIONS 

• Video Amplifier 

• Schmitt Trigger 


• Modulator 

• IF Amplifier 

• Sense Amplifier 



12-Lead TO-5 


37 dB typ. 
31 dB typ. 
55 MHz typ. 

150 k n typ. 
125 Q typ. 


• Mixer 

• DC Amplifier 



ALL RESISTANCE VALUES IN Kil’S 


92LS-2832 

Fig. I - Schematic Diagram for CA3040 
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CA3040 


ABSOLUTE-MAXIMUM RATINGS 

DISSIPATION * 450 mW 

Derating factor for Ta > 85°C 5 mW/°C 

TEMPERATURE RANGE: 

Operating -55°C to + 125°C 

Storage -65°C to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79mm) 

from case for 10 seconds max +265 C 


* Limitation imposed by the thermal resistance of package. 


MAXIMUM VOLTAGE RATINGS at Ta = 25°C 

The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the MAXIMUM 

voltage range of the vertical terminal 2 with respect to terminal 11 is 0 to +14 volts. CURRENT RATINGS 
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ELECTRICAL CHARACTERISTICS AT Ta = 25°C Unless Otherwise Specified 


Characteristics 

Symbols 

H 


L imits 

■ 

Fig. 


HM 


STATIC CHARACTERISTICS Vcc = +6V, VEE = -6V 

Output Voltage 

BWBS1 

2(a) 

2(b) 

Bias Mode Switch 

A or B: Closed 

1.4 

2.7 

23 

V 

Base Bias Voltage 

D 

2(a) 

Bias Mode A 

Switch Closed 

- 

-1.7 

- 

V 

2(b) 

Bias Mode B 

Switch Closed 

- 

-1 .7 

- 

V 

Input Bias Reference Voltage 

Vl 

2(a) 

2(b) 

Bias Mode Switch 

A or B: Open 

-1 

- 

+i 

V 

Input Bias Current 


2(a) 

2(b) 

Bias Mode Switch 

A or B: Closed 

- 

15 


mA 

Input Unbalance Current 

1 16-4 1 


Bias Mode Switch 

A or B: Closed 

- 

- 

6 

mA 

Power Supply Current Drain 

12 or 

15 +m 


Mode A 

Switch open or closed 

■ 

Q 



12 or 

I5+I8+H1 

2(b) 

Mode B 

Switch open or closed 

DYNAMIC CHARACTERISTICS Vcc = +12V, VeE = 0, Split Voltage Supply (Optional) = +6V 

Differential Voltage Gain 








Single-Ended Input 

Differential Output 

A DIFF(DE) 

[^|j| 

f = 1 MHz 

R s = 50 n 


37 

- 

dB 

Single-Ended Input 
and Output 

A DIFF(SE) 


f = 1 MHz 

R s = 50 Cl 


31 

- 

dB 

-3dB Bandwidth 

BW 

3(a) 

R s = 50 n 


55 

- 

MHz 

Differential Voltage Gain Balance 

AdIFF(SE)10 

-A D jff(SE)12 

3(a) 

f = 1 MHz 

-1 

0 

+ 1 

dB 

Output Voltage Swing 

V 8 01 V 10 
RMS 

3(a) 

f = 1 MHz 

R s = 50 O 

- 

0.5 

- 

VRMS 

Noise Figure 

NF 

3(a) 

I 

- 

B 

9 

dB 

Parallel Input Resistance 

Ri 

3(a) 

bh 

- 


- 

kQ 

Parallel Input Capacitance 

Ci 

3(a) 

- 

2.2 

- 

PF 

Output Resistance 

Ro 

3(a) 

- 

125 

- 

n 

TEMPERATURE DEPENDENT CHARACTERISTICS 

Temperature coefficients for ambient temperature: -55 °C.<Ta <+ 125°C 

Output Voltage 

CM 

O 

o 

> 

< 

3(a) 

Bias Mode A 

- 

0 

- 

mV/°C 

°c 

3(b) 

Bias Mode B 

- 

6.4 

- 

mV/°C 

Power Supply Current Drain 


3(a) 

Bias Mode A 

- 

D 

- 

fi A/OC 

Differential Voltage Gain 


3(a) 

Bias Mode A 

- 


- 

dB/°C 

3(b) 

Bias Mode B 

- 

° 

- 


Note 1: Replace 1-k£2 resistors between Term. 1 and 4 and Term. 1 and 6 with suitable chokes so that reactance at 
30 MHz exceeds 5k^2 
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STATIC CHARACTERISTICS TEST CIRCUITS FOR CA3040 




DYNAMIC CHARACTERISTICS TEST CIRCUITS FOR CA3040 



* VARIABLE CAPACITANCE 10.5 - 1.0 /iF) ADJUSTMENT FOR 
EQUAL 3dB BANDWIDTH AT AMPLIFIER OUTPUTS. 
TERMINALS 10 AND 12. 

ALL RESISTORS IN OHMS. 

ALL CAPACITORS IN MICROFARADS (UNLESS OTHERWISE 
INDICATED). 

BIAS MODE A IS AS DEFINED IN FIG. 2 (a) 



*SEE FIG 3(a) 

BIAS MODE B IS AS DEFINED IN FIG 2(b) 

ALL RESISTORS IN OHMS. 

ALL CAPACITORS IN MICROFARADS (UNLESS OTHERWISE 
INDICATED). 


Fig.3(a) - Bias Mode A 


Fig.3(b) - Bias Mode B 


DIFFERENTIAL VOLTAGE GAIN (A DIFF)— dB 

— r\> Ol A 

O o O o o 

COLLECTOR SUPPLY VOLTS (Vcc)= + '2 
AMBIENT TEMPERATURE (T a ) = 25°C 
SINGLE-ENDED INPUT AND OUTPUT 
MODE A SWITCH CLOSED. FIG. 3(a) 















L - ' 










- 
























r 




N 




















“ 






\ 


















_ 

L_! 




_ 



\ 


J 

2 4 68 


! ' 



' 2 




4 




6 




J8 1 


2 4 68 2 4 6 8 2 4 68 2 4 68 1 2 4 6 8 1 2 4 68 1 

0.001 QOI 0.1 I 10 100 1000 


FREQUENCY (f) — MHz 92CS-I5449 

Fig. 4 - Differential Voltage Gain vs Frequency 



DC SUPPLY VOLTS 92CS-I5453 

Fig.5 -Differential Voltage Gain vs DC Supply Voltages 
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CA3040 

OPERATING CONSIDERATIONS 
General 

The CA3040 is designed to provide flexibility in 
the selection of power supply configurations and to 
provide the circuit designer the choice between two modes 
of temperature -compensated performance. Mode A, 
which provides constant DC output voltage, is recom- 
mended for most applications. The control of the opera- 
ting point provided by this mode maintains the dynamic 
range of the device while gain variation over most of 
the range is less than ±1 dB. Mode B provides constant 
gain for applications where this consideration is critical, 
but will exhibit a reduction of dynamic range at the 
temperature extremes. 

Power Supply Considerations 

Figures 2 and 3 illustrate the use of the CA3040 
with balanced dual supplies and single power supplies, 
respectively. Both figures demonstrate that the inputs 
may be directly referenced to the center point of the 
supply (ground in Fig. 2) by closing the included switch. 
This is the natural connection in Fig. 2. This connection 
is optional, however, and need not be made. Use of this 
connection in Fig. 3 implies the presence of another 
DC supply or a “stiff’ bleeder. If such a source is 
present its use is suggested in order to maintain maxi- 
mum common mode range. Dynamic performance and 
dynamic range of the output circuit are unaffected by the 
choice of biasing scheme used so that in most cases 
direct connection of Terminal No.l to the center point 
of the supply is not required. Where direct connection 
is not used, Terminals No. 4 and No. 6 must be biased 
from Terminal No.l for proper operation. 

High-Frequency Considerations 

Stable high-frequency operation requires that proper 
high-frequency construction techniques be followed. 
The photograph of Fig. 6 illustrates the precautions 
taken in the construction of the test circuit of Fig. 3. 

Extreme caution is required because of the extended 
gain bandwidth capability of the device. Oscillations 
have been observed in the 400-to-800 MHz range when 



Fig.7 -3dB Bandwidth vs Single-Ended Output Voltage 
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precautions were not taken. In addition to normal con- 
siderations of shielding, parts layout, and isolation, 
the following specific suggestions are made: 

1. Use sockets only when necessary. Sockets, when 
used, must provide shielding within the pin circle. 
The socket shown in the chassis of Fig.6 is a 
Barnes MG-1201, or equivalent, modified by drilling 
a 1/8" hole in the center and inserting a grounded 
brass pin. 

2. Do not bypass Terminal No. 9 in normal operation. 
Fig. 3 shows the* use of neutralization between 
Terminal No. 9 and one output to balance the amplifier 
at high frequencies. Experience shows that stable 
operation, while possible, is difficult to achieve 
if Terminal No.9 is bypassed to ground. 

3. In DC testing, 1 kO, 1/4 W carbon resistors should 
be soldered directly to the socket Terminals No. 4 
and No.6 to suppress parasitic oscillations. All 
current carrying connections are made at the other 
end of the resistors. Direct sensing of Terminal 
No. 4 or No.6 voltage should not be attempted. 



Fig.6 - Test Circuit Layout 
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92CS-I544S 


Fig. 9 - Output Volts or Input Bias Reference Volts 
vs Ambient Temperature 
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Fig. 10 - Collector Supply Current Drain (12) 
vs Collector Supply Voltage (Vqc) 
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Fig. 1 1 - Collector Supply Current Drain (I 2 ) 
vs Ambient Temperature 
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Fig. 12 - Single-Ended Differential Voltage Cain 
vs Ambient Temperature 
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Solid State 
Division 


Linear Integrated Circuits 

CA3041 


WIDE BAND AMPLIFIER, FM DETECTOR 
AF PREAMPLIFIER/DRIVER 

Monolithic Silicon 


For Sound Sections of TV Receivers Using 
Tube-Type AF Output Amplifiers 

RCA Integrated Circuit Type CA3041 provides, in a single monolithic silicon chip, a 
major subsystem for the sound sections of TV receivers. As shown in the Schematic Diagram 
(Fig.l) and the TV Receiver Block Diagrams (Fig.2) the CA3041 contains a multistage wide- 
band if-amplifier/ limiter section, an FM-detector stage, a Zener-diode-regulated power-supply 
section, and an af-amplifier section specifically designed to drive directly a 6AQ5 beam 
power tube or other audio output tube of similar characteristics. 

In FM receivers, the CA3041 can be used to provide if amplification and limiting, FM 
detection, and af preamplification. 

The CA3041 provides exceptional versatility of circuit design because the if-amplifier/ 
limiter section, FM detector section, and af-preamplifier/driver section can be used in- 
dependently of each other. 

The CA3041 utilizes a 14-lead dual-in-line plastic package with leads specially formed 
to facilitate automatic insertion of the device in suitably punched printed-circuit boards. 
Templates showing recommended layout of printed-circuit boards for the CA3041 are pro- 
vided in this bulletin (Figs. 13, 14 and 15). FEATURES 



• high-sensitivity — input limiting voltage (knee) 

150 typ. at 4.5 MHz 

• large audio drive voltage capability 

• excellent AM rejection — 58 dB typ. at 4.5 MHz 

• inherent high stability — internally shielded 


• internal Zener-diode-regulated voltage supply 

• low harmonic radiation 

• wide frequency capability - <100 kHz to > 20 MHz 

• low harmonic distortion 
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CA3041 


ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS AT T A =25°C 

Indicated voltage or current limits for each terminal may be applied under the specified voltage 
conditions for other terminals. All voltages are with respect to ground (Terminal 4). 



* Any other combination of DC Supply Voltage and Series Resistance which will not cause the Maximum 
Device Dissipation Limit or any of the Maximum Voltage or Current Limits for the CA3041 to be exceeded 
may be used. 


OPERATING-TEMPERATURE RANGE -40° to +85° C 

STORAGE-TEMPERATURE RANGE -65° to+150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 

from case for 10 seconds max +265°C 

MAXIMUM INPUT-SIGNAL VOLTAGE: 

Between Terminals 1 and 3 ±3 V 

MAXIMUM DEVICE DISSIPATION: 

At Ambient ?up to +25°C 950 mW 

Temperatures] above +25° C Derate at 10.8 mW/°C 
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ELECTRICAL CHARACTERISTICS, at an Ambient Temperature, T^, of 25°C, and a DC Supply 
Voltage, Vqq, of +140 Volts applied to Terminal 14 through a resistance of 6.2 ftfi, unless other- 
wise indicated. Any other combination of DC Supply Voltage and Series Resistance which will 
not cause the Maximum Dissipation Limit or any of the Maximum Voltage or Current Limits for 
the CA3041 to be exceeded may be used. 



Input-Impedance Components: 
Parallel Input Resistance 


Parallel Input Capacitance 


Output-Impedance Components: 
Parallel Output Resistance 


Parallel Output Capacitance 

Co 

- 

Input Limiting Voltage (Knee) 

v i(lim) 

6 

Amplitude-Modulation Rejection 

AMR 

7 


IF-Amplifier Voltage Gain 


Recovered AF Voltage: 

1. At FM-Detector Output 


2. At AF-Dnver Output 
in Test Setup 


Total Harmonic Distortion 



Discriminator Output Resistance 

R o(dis) 

- 



- 

y 

- 

mi 

AF-Amplifier Input Resistance 

R i(af) 

- 


- 

uu 

- 

mi 

AF-Amplifier Output Resistance 

R 0 (af) 

- 



- 

WM 

- 

in i 

AF-D river Voltage Gain 

A af 

11 



- 

& 

- 

m 
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CA3041 



* TRW Electronics, Des Plaines, Illinois. Part No. E023874, or equivalent. 
Fig.2 - Block diagram of typical TV receiver using CA3041. 


+ 140 V 



PROCEDURES: 

Total Device Dissipation: 

1 . Close Sj_, open S2. 

2 . Measure and record V14 and lx* 

3 . Determine Total Device Dissipation from Px a V14IX. 
Quiescent Operating Current into Terminal 11: 

1 . Close Si, open S2. 

2 . Measure I11 and record as Quiescent Operating Cur- 
rent into Terminal 11 . 

9-Volt Current Drain: 

1 . Open Si, close S2. 

2 . Measure I14 and record as 9 -Volt Current Drain. 


92CS-I488I 

Fig.3 - Test setup for total dissipation, quiescent operating current 
into terminal No. 11, and 9-volt current drain. 
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92CS-W880 


Fig.4 - Typical dissipation characteristic 
for CA3041. 


Fig. 5 - Test setup for measurement of 
input-impedance components. 


PROCEDURES: 

Recovered AF Voltage: 

1. Set Input Signal Generator as follows: 


BOONTON 
TYPE 207H 
UNIVERTER 
OR EQUIVALENT 


BOONTON 
TYPE 202H 
AM-FM 
GENERATOR 
OR EQUIVALENT 


4.5-MHz 

DISCRIMINATOR w 
TRANSFORMER * 



Output frequency = 4.5 MHz 
Modulating frequency = 1 kHz 
Deviation = ± 25 kHz 
Output level for Vj n = 100 mV rms 

2. Set volume control for maximum 
af output. 

3. Measure af output voltage and record 
as Recovered AF Voltage. 

Total Harmonic Distortion: 

1. Adjust volume control for an af output 
voltage of 300 mV rms. 

2. Measure Total Harmonic Distortion of 
the output signal in accordance, with 
the- Operating Instructions for the Dis- 
tortion Analyzer. 

Input Limiting Voltage (Knee): 

1. Decrease Vj n until the af output voltage 
is 3 dB less than the value set in Step 1 
of the procedure for measurement of 
Total Harmonic Distortion 

(300 mV - 3 dB = 210 mV) 

2. Measure resulting value of Vj n and re- 
cord as Input Limiting Voltage (Knee). 


DISTORTION 
ANALYZER 
(HEWLETT- 
PACKARD 
TYPE 330 
OR 


92CS-I4875 


* TRW Electronics, Des Plaines, Illinois. Part No. E023874, or equivalent. 

Fig.6 - Test setup for measurement of input limiting voltage (Knee), 
recovered AF voltage, and total harmonic distortion. 
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CA3041 


4.5-MHz 



PROCEDURES: 

1. Set FM Signal Generator as follows: 

Output frequency = 4.5 MHz 
Modulating frequency = 1000 Hz 
Deviation = ± 25 kHz 
Output level for Vj n = 100 mV rms 

2. Set AM Signal Generator as follows: 

Output frequency = 4.5 MHz 
Modulating frequency = 1000 Hz 
Per cent modulation - 30 
Output level for Vi n = 10 mV rms 

3. With Si in Position A measure AF Out- 
put Voltage and record as V 0 (FM)» 

4. With Si in Position B measure AF Out- 
put Voltage and record as V 0 (AM)* 

5. Determine AM Rejection from 
AMR = V o(FM )/V o(AM) 


* TRW Electronics, Des Plaines, Illinois. Part No. E023874, or equivalent. 


Fig.7 - Test setup for measurement of AM rejection. 



92CS— 14089 

Fig.8 - Typical AM rejection characteristics 
for CA304J. 



PROCEDURE: 

A - Voltage Gain: 

1) Set input frequency at desired value, v^ = 100 p.V rms. 

2) Record v Q . 

3) Calculate Voltage Gain A from A = 20 log^Q v 0 /v^ 

4) Repeat Steps 1, 2, and 3 for each frequency and/or 
for temperature desired. 

Fig . 9 - Test setup for measurement of IF -amplifier 
voltage gain. 
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Solid State 
Division 


Linear integrated Circuits 

CA3042 


WIDE-BAND AMPLIFIER, FM DETECTOR 
AF PREAMPLIFIER/DRIVER 

Monolithic Silicon 


For Sound Sections of TV Receivers Using Transistor- 
Type AF Output Amplifiers 


RCA Integrated Circuit Type CA3042 provides, in a single monolithic silicon chip, a 
major sub-system for the sound sections of TV receivers. As shown in the Schematic Dia- 
gram (Fig.l) and the TV Receiver Block Diagrams (Figs.2A and 2B) the CA3042 contains a 
multistage wide-band if-amplifier section, an FM-detector stage, a Zener-diode-regulated 
power-supply section, and an af-amplifier section specifically designed to drive directly an 
n-p-n audio output transistor or a high-gain audio output pentode tube. 

In FM receivers, the CA3042 can be used to provide if amplification and limiting, FM 
detection, and af preamplification. 

The CA3042 provides exceptional versatility of circuit design because the if-amplifier/ 
limiter section, FM detector section, and af-preamplifier/ driver section can be used inde- 
pendently of each other. 



The CA3042 utilizes a 14-lead dual-in-line plastic package with leads specially formed 
to facilitate automatic insertion of the device in suitably punched printed-circuit boards. 
Templates showing recommended layout of printed-circuit boards for the CA3042 are provided 
in this bulletin (Figs. 13 & 14). 


FEATURES 


o high sensitivity — input limiting voltage (knee) = 
150 /iV typ. at 4.5 MHz 
o 6-mA audio drive capability 
o excellent AM rejection — 58 dB typ. at 4.5 MHz 


o internally Zener-diode-regulated voltage supply 
o low harmonic radiation 

o wide frequency capability - <100 kHz to >20 MHz 
o low harmonic distortion 
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ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS AT T A =25°C 

Indicated voltage or current limits for each terminal may he applied under the specified voltage 
conditions for other terminals. All voltages are with respect to ground (Terminal 4). 



* Any other combination of DC Supply Voltage and Series Resistance which will not cause the Maximum 
Device Dissipation Limit or any of the Maximum Voltage or Current Limits for the CA3042 to be exceeded 
may be used. 


OPERATING-TEMPERATURE RANGE . -40° to +85° C 

STORAGE-TEMPERATURE RANGE -65° to+150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 

from case for 10 seconds max +265°C 

MAXIMUM INPUT-SIGNAL VOLTAGE: 

Between Terminals 1 and 3 ±3 V 

MAXIMUM DEVICE DISSIPATION: 

At Ambient )upto+25°C 950 mW 

Temperatures] above +25°C Derate at 1 0.8 mW/°C 
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CA3042 


ELECTRICAL CHARACTERISTICS, at an Ambient Temperature, of 25°C, and a DC Supply 
Voltage, Vqq, of +140 Volts applied to Terminal 14 through a resistance of 6.2 kCl, unless other- 
wise indicated. Any other combination of DC Supply Voltage and Series Resistance which will 
not cause the Maximum Dissipation Limit or any of the Maximum Voltage or Current Limits for 
the CA3042 to be exceeded may be used. 


CHARACTERISTICS 
(See Page 7 for Definitions of Terms) 



Quiescent Operating Current 
(into Terminal 11) 


9-Volt Current Drain (Quiescent Op- 
erating Current into Terminal 14) 

114 

Input-Impedance Components: 

Parallel Input Resistance 

r i 

Parallel Input Capacitance 

C| 


Parallel Output Capacitance 


Input Limiting Voltage (Knee) 


Amplitude-Modulation Rejection 


IF-Amplifier Voltage Gain 


Recovered AF Voltage: 

1. At FM-Detector Output 


2. At AF-Driver Output 
in Test Setup 


3. At AF-Driver Output in 
TV-Receiver Sound System 


Total Harmonic Distortion: 
1. In Test Setup 


2. In TV Receiver Sound System 


FM-Detector Output Resistance 




- 

11 

- 


R|_= 50 k H 
THD = 0.7% (typ.) 


R|_= 322 n 
THD < 5% 

R|_ = 150 kH 
THD = 1.5% (typ.) 


V 0 (af) = 500 mV (rms) 


V 0 ( a f) = 1.3 V (rms) 


AF-Driver Input Resistance 

R l(af) 

- 

AF-Driver Output Resistance 

R 0 (af) 

- 

AF-Driver Voltage Gain 

A af 

10 
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CA3042 



PROCEDURES: 

Total Device Dissipation: 

1. Set switch S in position A 

2. Measure and record V14 and 1 44. 

3. Determine Total Device Dissipation from P^p = V14I14 
Quiescent Operating Current into Terminal 11s 

1. Turn switch S to position B 

2. Measure I11 and record as Quiescent Operating Cur- 
rent into Terminal 11. 

9-Volt Current Drain: 

1. Set switch S in position B 

2. Measure 1^4 and record as 9-Volt Current Drain. 

Fig. 3 - Test setup for measurement of total device dissi- 
pation, quiescent current into terminal No. 11, and 
9-volt current drain. 



92CS-I4888 

Fig. 4 - Typical dissipation characteristic. 



Fig. 5 - Test setup for measurement of input-impedance 
components. 


4 . 5 -MHz 

DISCRIMINATOR 



PROCEDURES: 


1. Set FM Signal Generator as follows: 

Output Frequency = 4.5 MHz 
Modulating frequency = 1000 Hz 
Deviation = ±25 kHz 
Output level for Vj n = 100 mV rms 

2. Set AM Signal Generator as follows: 


Output frequency = 4.5 MHz 
Modulating frequency. = 1000 Hz 
Per cent modulation = 30 
Output level for V^ n = 10 mV rms 

3. With Si in Position A measure AF Output 
Voltage and record as V 0 (FM). 

4. With Si in Position B measure AF Output 
Voltage and record as V d (aM)* 

V 0 (FM) 

5. Determine AM Rejection from AMR 

V 0 (AM) 


* TRW Electronics, Des Plaines, Illinois. 
Part No. E023874, or equivalent. 


Fig.6 - Test setup for measurement of AM rejection. 
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Fiq.7 - Typical AM rejection characteristics. 



PROCEDURE Voltage Gain: 

1. Set input frequency at desired value, vj = 100 pV rms. 

2. Record v Q . 

3. Calculate Voltage Gain A from A = 20 log^g v c/ v i* 

4. Repeat Steps 1, 2, and 3 for each frequency and/or for 
temperature desired. 

Fig. 8 - Test setup for measurement of IF amplifier 
voltage gain. 



Fig.9 - Typical IF amplifier voltage gain and input 
limiting voltage (knee) characteristics. 



Fig. 10 - Test setup for measurement of AF amplifier 
voltage gain. 



92CS-I49I0 

Fig. II - Typical AF amplifier voltage gain 
characteristics. 
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CA3042 


PROCEDURES: 


4.5 MHz 
DISCRIMINATOR 
TRANSFORMER * 



92CS-I49I3 


Recovered AF Voltage: 

1. Set Input Signal Generator as follows: 

Output frequency = 4.5 MHz 
Modulating frequency = 1 kHz 
Deviation = ±25 kHz 
Output level for Vj n = 100 mV rms 

2. Set volume control for maximum af output 

3. Measure af output voltage and record as Recovered 
AF Voltage. 


1. Adjust volume control for an af output voltage of 
500 mV rms. 

2. Measure Total Harmonic Distortion of the output 
signal in accordance with the Operating Instructions 
for the Distortion Analyzer. 

Input Limiting Voltage (Knee): 

1. Decrease Vj n until the af output voltage is 3 dB 
less than the value set in Step 1 of the procedure for 
measurement of Total Harmonic Distortion (500 mV - 
3 dB = 350 mV) 

and record as Input 


2. Measure resulting value of V^ n 
Limiting Voltage (Knee). 

Fig. 12 - Test setup for measurement of input limiting voltage (knee), 
recovered AF voltage, and total harmonic distortion. 



Fig. 13 - Recommended layout of printed-circuit board 
for TV -receiver sound strip utilizing RCA-CA3042. 

( Bottom View) 



Fig. 14 - Recommended parts layout for TV-rece/ver 
sound strip utilizing RCA-CA3042. 

(Top View) 
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TOQB//D Linear Integrated Circuits 

Solid State 
Division 

CA3043 


Special-Function Sub-System 

Monolithic Silicon 


RCA Integrated Circuit Type CA3043 provides in a sin- 
gle monolithic silicon chip, a major sub-system for the 
IF sections of Communications and high-fidelity FM 
receivers. As shown in the Schematic Diagram (Fig.2) 
and the FM Receiver Block Diagram (Fig.l),the CA3043 
contains a multistage if-amplifier/limiter section, an 
FM-detector stage, a Zener-diode regulated power-supply 
section, and an af-amplifier section. In FM receivers, 
the CA3043 can be used to provide if amplification and 
limiting, FM detection, and af preamplification. The 
CA3043 provides exceptional versatility of circuit design 
because the if-amplifier/limiter section, FM detector 
section, and af-preamplifier/driver section can be used 
independently of each other. 

The four stage emitter-follower-coupled if amplifier 
section provides 80-dB voltage gain at 10.7 MHz, and 
features an output stage with exceptionally good limiting 
characteristics because of its transistor constant- 
current sink. 

The FM detector section is distinguished by circuitry 
which provides forward bias to the detector diodes, D2 
and D3, and also provides a reference voltage for AFC. 
The audio amplifier provides a low-impedance drive for 
subsequent audio amplifiers. 

The power supply section provides zener-regulated, 
decoupled voltages for the IF amplifier, detector, and 
audio amplifier sections. 


HIGH-GAIN IF AMPLIFIER, 

LIMITER, FM DETECTOR, AND 
AF PREAMPLIFIER/DRIVER 
For FM IF Amplifier Applications 
in Communications Receivers and 
High-Fidelity FM Receivers up to 20 MHz 

FEATURES 

• high sensitivity — input limiting voltage (knee) 

50 pV typ. at 10.7 MHz 

© excellent AM rejection — 58 dB typ. at 10.7 MHz 

© inherent high stability internally shielded 

o internal Zener-diode regulated voltage supply 

• low harmonic radiation 

• wide frequency capability — <100 kHz to >20 MHz 

• low harmonic distortion 




F/g.I - Typical application of the CA 3043 as a high-gain 
limiter, amplifier-detector in an FM receiver. 
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ABSOLUTE-MAXIMUM RATINGS at Ta = 25°C 

DISSIPATION: TEMPERATURE RANGE: 

At T a = 25°C to T a = 85°C 450 mW Operating -55°C to + 125°C 

Above T a = 85°C Derate linearly 5 mW/°C Storage -65°C to + 150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 min) 

from case for 10 seconds max + 265°C 


MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 

listed horizontally with respect to the terminals listed vertically. For example, the MAXIMUM 

voltage range between horizontal terminal 5 and vertical terminal 3 is -*6 to 0 volts. CURRENT RATINGS 


TERM- 

INAL 

No. 

*IN 

mA 

l OUT 

mA 

1 

* 


2 

- 

* 

3 

0.1 

40 

4 

- 

20 

5 

- 

- 

6 

- 

- 

7 

- 

- 

8 

- 

* 

9 

- 

20 

10 

0.1 

40 

11 

40 

0.1 

12 

- 

- 


TERM- 

INAL 

No. 

' 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 


+4 

-4 

0 

-5 

* 

* 

* 

* 

* 

* 

0 

-5 

♦ 

Note(l) 

2 



0 

-3 

* 

* 

* 

* 

* 

♦ 

0 

-3 

* 

* 

3 




+6 

0 

+6 

0 

+ 15 
+2 

+6 

0 

+6 

0 

+6 

0 

0 

Note (2) 

+3 

0 

4 





+2 

-4 

* 

* 

* 

* 

0 

-6 

* 

* 

5 






* 

* 

* 

* 

0 

-6 

+6 

0 

* 

6 







* 

* 

* 

-2 

-15 

* 

* 

7 








Note(l) 

* 

0 

-6 

* 

* 

8 









* 

0 

-6 

* 

* 

9 










0 

•6 

* 

* 












Note (2) 
0 

+3 

0 













* 

12 














Note 1: These terminals should be connected through a dc 
resistance to any terminal which does not exceed 
100 ohms. 

Note 2: Pin 11 may be connected to any positive voltage 
source through a suitable resistor provided its cur- 
rent rating is not exceeded. 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 
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ELECTRICAL CHARACTERISTICS at T^ = 25°C 
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CHARACTERISTICS 


STATIC CHARACTERISTICS 


Current Drain at 6V 

into Pin No. 11 

111 

Regulator Voltage Pin No. 11 

Vll 

Total Device Dissipation 

Pt 

Quiescent Operating Current 
into Pin No.6 

16 


SPECIAL TEST 
CONDITIONS 


V C C = + 6V 


TEST CIR- 
CUIT AND 
PROCEDURE 


LIMITS 

TYPE CA3043 
Min. I Typ. I Max. 


3 

10 

16 

20 

mA 

3 

6.9 

7.4 

8 

V 

3 

200 

225 

260 

mW 

3 

- 

0.65 

- 

mA 


DYNAMIC CHARACTERISTICS at Vcc = +30V, Re = 750 ft, f = 10.7 MH 
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CA3043 



Switch in Position A for: 

Regulator-Voltage, Quiescent- 
Operating-Current, and Device 
Dissipation Test 

Switch in Position B for Current 
into Pin No. 11 


750 Q 



PROCEDURE: 

1. Recovered Audio Voltage v 0 ( a f) — 


Fig.3 . Regulator voltage, device dissipation, quiescent Set input fre<,uency to 10 ' 7 MHz ’ 

operating current, and current at 6 volts into Pin No. 11. v i * 1 mV<RMS) ' modul!,ti "K frequency - 1 kHz 

Deviation = ±75 kHz 



Record v Q as measured on the Distortion Analyzer meter 
scale. 

This is the recovered Audio Voltage v Q ( a f) 

2. 3 dB Limiting Sensitivity vj(ii m ) — 

Reduce v^ until v Q ( a f) drops 3 dB. 

Record this value of v^ as Vj(ij m ) 

3. Total Harmonic Distortion THD — 

Reset vj to lmV(RMS) and operate Distortion Analyzer per 
manufacturer's instructions to measure THD. 

* See Fig.9 for details on Discriminator Transformer. 

F/g.6 - Input limiting voltage (knee), recovered AF 
voltage, and total harmonic distortion test circuit. 


Voltage Gain - 20 logiQ 100 — — 
vi 

* Bypass Capacitor, 0.1 /jlF electrolytic in parallel with 0.01 fiF 


I 6 (lim) = — , vi = 100 mV(RMS) 
2KQ 


* Output circuit should be completely shielded from the input 
circuit at the socket. 


Fig.4 - Voltage gain test circuit. 


100 

V CC * + 30V 
Rl* 750 ft 

Ta * 25° C 
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Fig.7 - Input limiting voltage (knee) at -3dB point 
vs frequency. 


Fig. 5 - Voltage gain vs frequency. 
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PROCEDURE: 

A. Connect FM Generator to CA3043 input. 

Set frequency to 10.7 MHz, vj = 10 mV, modulating frequen- 
cy = 1 kHz 
Deviation = ±75 kHz. 

Tune Wave Analyzer to peak reading at 1 kHz and record 
recovered Audio Voltage v 0 ( a f)FM* 

B. Disconnect FM Generator and Connect AMk Generator to 
CA3043 input. 

Set frequency to 10.7 MHz, vj = 10 mV, modulating frequen- 
cy = 1 kHz, percent modulation = 50%. 

Tune Wave Analyzer to peak reading and record recovered 
audio voltage v 0 ( a f)AM v 

Amplitude Modulation Rejection Ratio =20 loglQ 

v o(af)AM 


92CS- 15103 

Fig. 8 • Amplitude modulation rejection test circuit. 



92CS-I5IOI 


Coil Form, Outside Diameter = 7/32" 

Can = 1/2" square X 1-1/8" long 
Slugs - Radio Industries Type MP34/MP100 Material 
& L 3 = 20 Turns 5-44 litz wire universal wound 
L 2 = 10 Turns 5-44 litz wire wound bifilar with Lj 
Li 85 L 3 coupling adjusted to 520 kHz peak to peak separation 
on S curve when operated in circuit shown in Fig. 6 . 


Fig.9 - 10.7-MHz discriminator transformer for CA3043. 
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Solid State 
Division 


Linear Integrated Circuits 

CA3044 

CA3044V1 


Special-Function Sub-System 

Monolithic Silicon 


The RCA CA3044 and CA3044V1 represent a second CA3044 

generation of integrated circuits designed primarily for 
AFC (Automatic-Frequency-Control) applications. 

The CA3044V1 is electrically identical to the CA3044 but 
is supplied with formed leads for easier PC board design 
and construction. 

10-LEAD 

TO-5 



CA3044VI 


I RCA 1 

rfTn 


FEATURES 

° Primarily intended for AFC (automatic frequency 
control) Applications 
® Internal Zener Diode Voltage Regulator 

• Differential Input Amplifier/Limiter 
o Full-Wave Diode Bridge Detector 

° Differential Output Voltage Amplifier 

• Available in Two Electrically Identical Versions, 

CA3044 With Straight Leads; 

CA3044VI With Formed Leads 
0 Wide Operating Temperature Range; -55 to +125°C 


WIDE BAND AMPLIFIER/PHASE DETECTOR 
WITH ZENER DIODE VOLTAGE REGULATOR 

For AFC (Automatic 
Frequency Control] Applications 



(AFT) Application using CA3044 or CA3044V1 in 
Color-TV Receiver. 



DIODES D5 AND D6 ACT AS CAPACITORS AND ARE USED TO 
BALANCE THE DETECTOR SUBSTRATE CAPACITANCES. 

92CS-I5204 


Fig.2 - Schematic diagram CA3044, CA3044V1 
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CA3044, CA3044V1 File No. 340 

ABSOLUTE-MAXIMUM RATINGS 

DISSIPATION: 

At T a = 25°C 

Above T a = 25 °C . . . 

TEMPERATURE RANGE 

Operating 

Storage 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

1 from case for 10 seconds max + 265C 


830 mW 

Derate linearly 5.6 mW/°C 

-55 °C to +125 °C 

-65 °C to +150°C 


MAXIMUM VOLTAGE RATINGS at T A = 25°C 


The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the MAXIMUM 

voltage range between vertical terminal 2 and horizontal terminal 6 is +20 to 0 volts. CURRENT RATINGS 


TERM- 

INAL 

No. 

9 

10 

1 

2 

3 

4 

5 

6 

7 

8 

9 

NO INTERNAL CONNECTION 


10 



+20 

0 

+20 

-10 


+20 

0 

+20 

0 

+20 

0 

+20 

0 

■ 

1 




B 


* 

* 

B 

* 

n 

2 





* 

* 

* 


■ 


3 




■ 

■ 

■ 

* 

D 

■ 

H 

4 


■ 

■ 

■ 

■ 

■ 

* 

■ 

■ 

H 

5 








a 

■ 


6 









H 

1 

■ 




■ 

■ 




■ 

H 

8 










REF. 

SUB- 

STRATE 


TERM- 

INAL 

No. 

>IN 

mA 

■out 

mA 

9 

. 

. 

a 



l 

B 

B 

2 

20 

■ 

n 

■ 

■ 

■ 

■ 

■ 

■ 

B 

B 

H 

B 

B 

■ 

■ 

■ 

8 

50 

50 


Terminal No. 10 may be connected to any positive voltage 
source through a suitable dropping resistor — provided the 
dissipation rating is not exceeded. 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C, Unless Otherwise Specified 


CHARACTERISTICS 

SYMBOLS 

TEST 

CIRCUITS 

TEST 

CONDITIONS 

LIMITS 

CA3044 and CA3044V1 

UNITS 

CHARAC- 

TERISTIC 

CURVES 



FIG. 



MIN. 

TYP. 

MAX. 


FIG. 

STATIC CHARACTERISTICS | 

Device Dissipation 

p T 

3 

V rr = 30 V 

R$ = 1.5 kft 

T a = -55°C 

90 

120 

150 

mW 


Device Dissipation 

P T 

3 

Vpp = 30 V 

Rj = 1.5 kO 

T A = 25°C 

no 

140 

170 

mW 


Device Dissipation 

p T 

3 

Vpp = 30 V 

R$ = 1.5 kH 

T a = +125°C 

130 

160 

190 

mW 

• 

9-Volt Current Drain 

'T 

3 

VlQ = 9 V 

2.5 

4 

5.5 

mA 


Zener Regulating Voltage - 
DC Supply Voltage at Terminal 10 

VlO 

3 



10.5 

11.2 

11.9 

V 


Quiescent Operating Current into 
Terminal 2 

h 

3 



1 

2 

4 

mA 


Quiescent Operating Voltage at 
Terminal 4 

v 4 

* 

Vpp = 30 V 

Rj = 1.5 kO 

5.0 

6.5 

8.0 

V 

* 

Quiescent Operating Voltage at 
Terminal 5 

V 5 

* 



5.0 

6.5 

8.0 

V 

- 

Output Offset Voltage between 
Terminals 4 and 5 

V 4.5 




- 1.5 

0 

1.5 

V 


DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER) | 

Input Limiting Voltage (Knee) 

v i 

Limiting 

4 

f =45.7 5 MHz 

- 

75 


mV 

* 

Input Admittance 

Vll 

- 




0.5+jl.l 

- 

mmho 

- 

Reverse Transfer Admittance 

*12 


f 3 45.75 MHz 
V cc 3 30 V 

Ro 3 1.5 kf) 


3.8+j3.4 


Mmho 

* 

Forward Transfer Admittance 

V21 



-11.7 +10.1 

- 

mmho 

- 

Output Admittance 

V22 

- 

0 



0.077 +j0;9 

- 

mmho 

- 

OUTPUT vs FREQUENCY DEVIATION 

-AFC 












v cc = +3 ° v 

V in = 200 mV RMS 
f 0 = MHz as 
indicated 

%of 

V 10 


%ol 

VlO 



Correction-Control Voltage at 

Terminal 4 

V 


45.750 - 

0.025 

85 



V 

6,7 

corr. 

5 

45.750 + 0.025 



33 

V 

(4) 


45.750 - 

0.900 

75 



V 





45.750 + 0.900 

- 


43 

V 

7 




45.750 - 

1.500 

- 


85 

V 




45.750 + 1.500 

33 


- 

V 





45.750 - 

0.025 

- 


33 

V 

6,7 




45.750 + 0.025 

85 


- 

V 

Correction-Control Voltage at 

Terminal 5 

V 

5 

45.750 - 

0.900 



43 

V 


corr. 

(5) 

45.750 + 0.900 

75 



V 

7 



45.750 - 

1.500 

33 


- 

V 




45.750 

♦ 1.500 



85 

V 
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Fig. 3 - Test setup: Measurement of total device dissi- 
pation, Zener regulating voltage, quiescent operating 
current (terminal 2). 


1.5 k ft 



Fig.4 - Input limiting sensitivity test circuit. 


DYNAMIC CONTROL VOLTAGE CHARACTERISTICS 


The CA3044 and CA3044VI are specifically in- 
tended for use in the AFT system of color television 
receivers. Each device is tested so that the control 
voltages generated by the circuit meet the critical re- 
quirements of the system. Figure 5 is the schematic 
diagram of the test circuit. 

Figure 6 and 7 show the control voltages gener- 
ated at terminals 4 and 5 of the Integrated Circuit as a 
function of the frequency deviation from the nominal 
center frequency. Figure 6 shows the region within 
25 KHz of the center frequency while Figure 7 covers 
the entire bandwidth of the system. The horizontal 
reference lines on the figures are generated by a volt- 
age divider connected between the power supply volt- 



L 2 IS ALIGNED FOR ZERO DIFFERENTIAL OUTPUT L ? : TRW PART No.23755 
BETWEEN TERMINALS 4 AND 5 AT l 0 = 45.750 MHt. OR EQUIVALENT. 

92CS- 15235 


Fig.5- Correction voltage test circuit for 
CA3044 and CA3044VI. 


age on Terminal 10 and ground. The dynamic control 
voltages are compared with these references according 
to the Output vs Frequency Deviation Table. For ex- 
ample: when the frequency deviation is -25 KHz the 
control voltage at Terminal 4 is greater than the refer- 
ence A voltage; the control voltage at Terminal 5 is 
less than the reference B voltage. 

The shape of the correction voltage character- 
istics is dependent to a large degree upon transformer 
characteristics and the parts layout. In order to 
closely duplicate the curves shown, the printed circuit 
board shown in Figure 8 and the parts layout shown 
in Figure 9 should be followed as closely as possible. 



92CS-I523B 

Fig.6 - Typical narrow-band dynamic control voltage 
characteristics. 
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92CS- 15239 

Fig.7 - Typical wide- band dynamic control voltage 
characteristics. 



a) Top view b) Bottom view 


Fig.8 • Printed Circuit Board for Test Circuit 


CA3044, CA3044V1 

DEFINITIONS OF TERMS 

Input Limiting Voltage (Knee) [v.(lim)] 

The input signal voltage which will cause the output signal to 
decrease 3 dB from its maximum level. 

Total Device Dissipation (Pj) 

The total power drain of the device with no signal applied and 
no external load current. 

Quiescent Operating Voltage 

The dc voltage at the output terminal, with respect to ground, 
with no signal applied. 

Quiescent Operating Current 

The average (dc) value of the current in either output, terminal, 
with no signal applied. 

Output Offset Voltage 

The dc voltage between output terminals with no signal applied. 
Control Voltage 

The dc voltage at either output terminal with respect to ground 
with an RF signal of specified frequency applied. 



Fig.9 - Top view of wired test board. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3045, CA3045F, CA3046 



General-Purpose Transistor Arrays 

THREE ISOLATED TRANSISTORS 
AND ONE DIFFERENTIALLY-CONNECTED 
TRANSISTOR PAIR 

For Low-Power Applications at Frequencies 
from DC through the VHF Range 


The CA3045 and CA3046 each consist of five general-purpose 
silicon n-p-n transistors on a common monolithic substrate. 
Two of the transistors are internally connected to form a 
differentially-connected pair. 

The transistors of the CA3045 and CA3046 are well suited to 
a wide variety of applications in low power systems in the DC 
through VHF range. They may be used as discrete transistors 
in conventional circuits. However, in addition, they provide 
the very significant inherent integrated circuit advantages of 
close electrical and thermal matching. 

The CA3045 is supplied in a 14-lead dual-in-line hermetic 
(welded-seal) ceramic package and the CA3045F in a 14-lead 
dual-in-line hermetic (frit-seal) ceramic package. 

The CA3046 is electrically identical to the CA3045 but is 
supplied in a dual-in-line plastic package for applications 
requiring only a limited temperature range. 



STRATE 

92CS- 15206 


FEATURES 

• Two matched pairs of transistors 

Vgg matched ±5 mV 

Input offset current 2 /i A max. at 1^ = 1 mA 

• 5 general purpose monolithic transistors 

• Operation from DC to 120 MHz 

• Wide operating current range 

• Low noise figure - - 3.2 dB typ. at 1 kHz 

• Full military temperature range for CA3045 

-55 to +125°C 

APPLICATIONS 

• General use in all types of signal processing systems 
operating anywhere in the frequency range from 

DC to VHF 

• Custom designed differential amplifiers 

• Temperature compensated amplifiers 

• See RCA Application Note, ICAN-5296 "Application 
of the RCA-CA3018 Integrated-Circuit Transistor 
Array" for suggested applications. 


Fig. 1 - Schematic diagram. 
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CA3045, CA3Q45F, CA3046 


ABSOLUTE MAXIMUM RATINGS AT T A = 25°C CA3045 CA3045F, CA3046 



Each 

Total 

Each 

Total 


Power Dissipation: 

Transistor 

Package 

Transistor 

Package 


T A up to 55°C 

. . . . 

- 

300 

750 

mW 

T A > 55°C 

. . . . 

- 

Derate at 6.67 

mW/°C 

T A up to 75°C 

300 

750 

- 

mW 

T A > 75°C 

. . . . Derate at 8 

- 

mW/°C 

Collector-to-Emitter Voltage, Vq E q 

15 

- 

15 

V 

Collector-to-Base Voltage, Vqbo 

20 

- 

20 

V 

Collector-to-Substrate Voltage, Vqiq 

20 

- 

20 

V 

Emitter-to-Base Voltage, V E bo 

5 

- 

5 

V 


Temperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32" (1.59 ±0.79 mm) 

from case for 10 seconds max 

* The collector of each transistor of the CA3045 and 
CA3046 is isolated from the substrate by an integral 
diode. The substrate (terminal 13) must be connected 


-55 to +125 -55 to +125 °C 

-65 to +150 -65 to +150 °C 


+265 +26 c °C 


to the most negative point in the external circuit to 
maintain isolation between transistors and to provide 
for normal transistor action. 


ELECTRICAL CHARACTERISTICS, at T A = 25°C 


Characteristics apply for each transistor in the CA3045 and CA3046 as specified. 





LIMITS 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

Type CA3045 

Type CA3046 

UNITS 




MIN. 

TYP. 

MAX. 


STATIC CHARACTERISTICS 

Collector-to-Base Breakdown Voltage 

V (BR)CB0 

l c -10 /lcA, l E = 0 

20 

60 


V 

Collector-to-Emitter Breakdown Voltage 

V (BR)CE0 

Iq = 1 mA, Ig = 0 

15 

24 


V 

Collector-to-Substrate Breakdown Voltage 

V (BR)CI0 

l c = lO^A, l C | = 0 

20 

60 


V 

Emitter-to-Base Breakdown Voltage 

V (BR)EB0 

l E = 10 M, lc =0 

5 

7 


V 

Collector-Cutoff Current 

'CBO 

V CB = 10V,I E =0 


0.002 

40 

nA 

Collector-Cutoff Current 

! ceo 

V CE “ 10 V, 1 B = 0 


See curve 

0.5 

At A 

Static Forward Current-Transfer Ratio 


(l c = 10 mA 


100 



(Static Beta) 

h FE 

V CE = 3 V< l c = 1 mA 

40 

100 




( l c = 10 /iA 


54 



Input Offset Current for Matched Pair 

Ql and 0 2 . 1 l|o 1 * ' 102 ! 


V CE =3V, l C = 1 mA 


0.3 

2 

juA 

Base-tc-Emitter Voltage 

V BE 

V C E = 3 V/' E = 1 mA 
\ l E = 10 mA 


0.715 

0.800 


V 

Magnitude of Input Offset Voltage for Differ- 







ential Pair |V BE[ - V gE2 | 


v CE = 3V > l C = lmA 


0.45 

5 

mV 

Magnitude of Input Offset Voltage for Iso- 







lated Transistors IVgEo - V BE .| 

I v be 4 v be 5 I. |vbe 5 - vbe 3 1 


V C E»3V,lc-lniA 


0.45 

5 

mV 

Temperature Coefficient of 

av be 

V CE = 3V , Iq = 1 mA 


-1.9 


mV °C 

Base-to-Emitter Voltage 

AT 




Colle'ctor-to-Emitter Saturation Voltage 

V CES 

l B = 1 mA, l c = 10 mA 


0.23 


V 

Temperature Coefficient: 

| AV 1 0 

Vce 3 V, Iq 1 mA 


1.1 


/iV°C 

Magnitude of Input-Offset Voltage 

AT 
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ELECTRICAL CHARACTERISTICS, at T A = 25°C 

Characteristics apply for each transistor in the CA3045 and CA3046 as specified. 


CHARACTERISTICS 

DYNAMIC CHARACTERISTICS 


Low-Frequency Noise Figure 


Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 

Forward Current-Transfer Ratio 
Short-Circuit Input Impedance 


A dmittance Characteristics: 
Forward Transfer Admittance 


Input Admittance 


Output Admittance 


Reverse Transfer Admittance 


Gain-Bandwidth Product 
Emitter-to-Base Capacitance 


Collector-to-Base Capacitance 


SPECIAL TEST CONDITIONS 


f = 1 kHz, V CE =3V,I C =100 mA 
Source Resistance = 1 kn 


f = 1 kHz, V CE = 3 V, l c = 1 mA 


LIMITS 

Type CA3045 
Type CA3046 

TyF I MAX. 




f = 1 MHz. Vpp = 3 V, lr =1 mA 


I 

a 

| 


§|| 

Warn 

•Msm 




m&n 

W m \ 


SB 

B 





a 
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CA3045, CA3045F, CA3046 


STATIC CHARACTERISTICS 



92CS-I5I82 

Fig.4 - Typical static forward current-transfer ratio and 
beta ratio for transistors Qj and (?2 vs emitter current. 
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COLLECTOR MILLIAMPERES (I C ) 

92CS-I52I6 


Fig. 5 - Typical input offset current for matched 
transistor pair QjQ 2 vs collector current. 
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Fig.6 - Typical static base-to-emitter voltage character- 
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paired isolated transistors vs emitter current. 



92CS-I5IB6 

Fig. 7 - Typical base-to-emitter voltage characteristic 
vs ambient temperature for each transistor. 



Fig. 8 - Typical input offset voltage characteristics for 
differential pair and paired isolated transistors 
vs ambient temperature. 
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DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 




FREQUENCY (f) — MHz 


92CS-I4259RI 


92CS-I4260RI 


Fig. 12 - Typical input admittance vs frequency. 


Fig. 1 3 - Typical output admittance vs frequency. 
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Fig. 14 - Typical reverse transfer admittance 
vs frequency. 
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TOGBZA] Linear Integrated Circuits 

Solid State 
Division 

CA3048 


Amplifier Array 

Monolithic Silicon 


The RCA CA3048 is a silicon monolithic integrated 
circuit consisting of four independent identical AC 
amplifiers which can operate from a single-ended power 
supply. 

The amplifiers include internal DC bias and feedback 
to provide temperature-stabilized operation. They may 
be used in a wide variety of AC applications in which 
operational amplifiers have previously been used. 

Each high gain amplifier has a high impedance non- 
inverting input, and a lower impedance inverting input 
for the application of feedback. Two power-supply 
terminals and two ground terminals are provided to re- 
duce internal and external coupling between amplifiers. 

The CA3048 is supplied in a 16-lead dual-in-line 
plastic package. 


APPLICATIONS 

• Multi-channel or cascade operation 

• Low-level preamplifiers 

• Equalizers 

• Linear signal mixers 

• Tone generators 

• Multivibrators 

• AC integrators 


FOUR INDEPENDENT 
AC AMPLIFIERS 

For Low-Noise and 
General AC Applications 
In Industrial Service 

CA3048 



FEATURES 

• Four AC amplifiers on a common substrate 

• Independently accessible inputs and outputs 

• Operates from single-ended supply 

EACH AMPLIFIER 


• Noise figure at 1kHz 2 dB typ. 

• High voltage gain 53 dB min. 

• High input resistance 90 kO typ. 

• Undistorted output voltage 2 V rms min. 

• Output Impedance 1 kfl typ. 

• Open-loop bandwidth 300 kHz typ. 



92CS-I5470R2 


Fig. I - Block diagram for CA3048. 
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ABSOLUTE-MAXIMUM RATINGS at T A = 25°C: 
DISSIPATION: 

At Ta = 55° C 

Above Ta = 55°C 

TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ±0.79mm) 
from case for 10 seconds max 

POWER SUPPLY VOLTAGE 

AC INPUT VOLTAGE 


750 mW 

Derate linearly at 7.7 mW/°C 

40°C to +85° C 

-65° C to +150°C 


. . +265°C 

. . +16 V 
0.5 V mis 


MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 2 and horizontal terminal 4 is +2 to -3.6 volts. 


TERM- 

INAL 

No . 

1 

2 

— 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

1 


+ 16 

0 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

0 

-16 

* 

2 



* 

+2 

- 3.6 

0 

* 

* 

+2 

- 3.6 

- 3.6 

* 

* 

+ 16 

0 

+2 

- 3.6 

* 

+ 16 

0 

0 

-16 

3 




+5 

-5 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

4 





+ 3.6 

-2 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

5 






0 

-16 

* 

+2 

- 3.6 

+2 

- 3.6 

* 

0 

-16 

+ 16 

0 

+2 

- 3.6 

* 

+ 16 

0 

* 

6 







* 

* 

* 

* 

* 

* 

0 

-16 

* 

* 

* 

7 








+5 

-5 

* 

* 

* 

* 

* 

* 

* 

* 

8 









* 

* 

* 

* 

* 

* 

* 

* 

9 










+5 

-5 

* 

* 

* 

* 


* 

10 











* 

* 

* 

* 

* 

* 

11 













* 

* 

* 

* 

12 













0 

-16 

* 

* 

* 

13 














+5 

-5 

* 

* 

14 















* 

* 

15 
















+ 16 

0 

16 


















Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if the 
specified limits between all other terminals are not exceeded. 
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CHARACTERISTICS 


TEST 

C|R- 

SYMBOLS TEST CONDITIONS CUIT 


Vcc = + 12V 


Vcc = +12V 


DC Voltage 

at Feedback Terminals 


DC Voltage 
at Input Terminals 


Il2 or Ii5 

VI, 

Vfi, 

Vll, 

V 16 

V3, 

V7, 

vio, 

V 14 

V4. 

V8, 

V9, 

V 13 


Vcc = +12V 


Vcc = +12V 


DYNAMIC (Characteristics given are for each amplifier with no AC feedback) 


Open-Loop Gain 

Output Voltage Swing 


Open-Loop -3dB Bandwidth 
Total Harmonic Distortion 


Input Resistance 
Input Capacitance 
Output Resistance 


Vcc = + 12V 
Ein = 2mV 




vcc 

= +12V 

f 

= 1 kHz 

THD 

= 5% 

vcc 

= + 12V 

Ein 

= 2m V 

Vcc = + 12V, f = lkHz 

equt 

= 2 V rms 


OPEN LOOP 
Terminals 3, 7, 10, 
and 14 are by- 
passed to ground 
f = 1kHz 


Terminals 3, 7, 10 
and 14 are by- 
passed to ground 



Output Capacitance 

■amnl 

f = 1 MHz 

- 

Feedback Capacitance 
(Output to non- 
inverting Input) 

CFB 

Vcc = +12V 
f = 1MHz 

- 

Broad-Band Output 

Noise Voltage 

En 

v S§:Jo3i 

A = 40 dB 
Equivalent 

Noise BW =50 kHz 


Output Noise Voltage 
“Weighted” 

EN(WT) 


12 

Noise Figure 

NF 

<R S = 5 k£2) 

f = 

10 Hz 

- 

100 Hz 

- 

1 kHz 

- 


10 kHz 

- 

100 kHz 

- 

Inter-Amplifier Audio 
Separation “Cross Talk” 


Vcc = + 12 V 
f = 1 kHz 

0 dB = 0.78V 

13 

Inter-Amplifier Capacitance 
(Any amplifier output to 
any other amplifier input) 

C 

VCC = + 12 V 
f = 1 MHz 

- 
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AMBIENT TEMPERATURE (Ta)— *C 

92CS-I5458 



Fig. 5 - Typical DC supply current vs ambient Fig.7 - Typical amplifier gain vs DC supply voltage, 

temperature. 



* Sig Gen should be a low distortion type (0.2% THD or less) 
HP206A or equivalent. 

• Adjustment of Eg to 2 volts will make Es =2 mV. 

Test Circuit shows Amplifier #1 under test, to test Amplifiers 2, 3, 
or 4; Connect terminals as shown in Table. 


AMPLIFIER 

TERMINALS | 

OUTPUT 

INPUT 

BYPASS 

1 

1 

4 

3 

2 

6 

8 

7 

3 

11 

9 

10 

4 

16 

13 

14 


Fig. 6 - Test circuit for measurement of distortion, open- 
loop gain and bandwidth characteristics. 



Fig. 8 - Typical open- loop gain vs ambient temperature. 



1 10 100 1000 10,000 100,000 


FREQUENCY (0- kHz 


92CS-I5468 


Fig. 9 - Typical open- loop gain vs frequency. 
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Fig. TO - Typical total harmonic distortion 
vs ambient temperature. 



» RESISTORS ARE METALFILM TYPE. I % 

92CS-I5465 



• Li -2.5 millihenry inductor, dc resistance 0.3 ohms or less. 

* Resistors metal film type, 1%. To test amplifiers, connect 
terminals as shown in Table. 


AMPLIFIER 

TERMINALS S 

OUTPUT 

INPUT 

BYPASS 

1 

1 

4 

3 

2 

6 

8 

7 

3 

11 

9 

10 

4 

16 

13 

14 


Fig. 12 - Test circuit for measurement of “weighted'* 
output noise voltage characteristic. 


To test Amplifiers 1, 2, 3, or 4, connect terminals as shown in 
Table. 


AMPLIFIER 

TERMINALS \ 

OUTPUT 

INPUT 

BYPASS 

1 

1 

4 

3 

2 

6 

8 

7 

3 

11 

9 

10 

4 

16 

13 

14 


Fig. IT - Test circuit for measurement of broadband 
noise characteristic. 
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* V.T.V.M. - Hewlett-Packard Model 400D or equivalent. 

Procedure: 

1. Adjust Signal Generator for 0 dB output at reference terminal. 

2. Read voltage at other output terminals (Figure shows terminal #1 
used as reference). 



1 10 100 1000 10,000 100,000 
RESISTANCE IN FEEDBACK CIRCUIT (R FB ) - OHMS 

92CS-I5469 


Fig. 14 - Typical amplifier gain vs feedback resistance. 


Fig. 13 - Test circuit for measurement of inter-amplifier 
audio separation “cross talk" characteristic. 


OPERATING CONSIDERATIONS 
Economical Gain Control 

The CA3048 is designed to permit flexibility in the 
methods by which amplifier gain can be controlled. 
Fig. 14 shows a curve of the gain of an amplifier when 
the internal resistive feedback of the device is used in 
conjunction with an external resistor. Although meas- 
ured gain of various amplifiers will not be uniform, 
because of tolerances of internal resistances, this 
method is very economical and easy to apply. 

Stability 

The CA3048, as in other devices having high gain-band- 
width product, requires some attention to circuit layout, 
design, and construction to achieve stability. 

Should the CA3048 be left unterminated, socket capaci- 
tance alone will provide sufficient feedback to cause 
high frequency oscillations; therefore, all test circuits 
in this data bulletin include loading networks that pro- 
vide stability under all conditions. 
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raM] 

Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3049T CA3102E 



DUAL HIGH-FREQUENCY 
DIFFERENTIAL AMPLIFIERS 

For Low-Power Applications at Frequencies 
up to 500 MHz 

Features: 

• Power Gain 23 dB (typ.) at 200 MHz 

• Noise Figure 4.6 dB (typ.) at 200 MHz 

• Two differential amplifiers on a common substrate 

• Independently accessible inputs and outputs 

• Full military -temperature- range capability- (— 55°C to + 1 25°C) 
for the CA3102E and for the CA3049T 


RCA-CA3049T and CA3102E* consist of two independent 
differential amplifiers with associated constant-current tran- 
sistors on a common monolithic substrate. The six transistors 
which comprise the amplifiers are general-purpose devices 
which exhibit low l/f noise and a value of fj in excess of 1 
GHz. These features make the CA3049T and CA3102E use- 
ful from dc to 500 MHz. Bias and load resistors have been 
omitted to provide maximum application flexibility. 

The monolithic construction of the CA3049T and CA3102E 
provides close electrical and thermal matching of the ampli- 
fiers. This feature makes these devices particularly useful in 
dual-channel applications where matched performance of the 
two channels is required. 

The CA3102E is like the CA3049T except that it has a 
separate substrate connection for greater design flexibility. 
The CA3049T is supplied in the 12-lead TO-5 package; the 
CA3102E, in the 14-lead plastic dual-in-line package. 


Applications 

• VHF amplifiers 

• VHF mixers 

• Multifunction combinations — RF/Mixer/Oscillator; 
Converter/I F 

• IF amplifiers (differential and/or cascode) 

• Product detectors 

• Doubly balanced modulators and demodulators 

• Balanced quadrature detectors 

• Cascade limiters 

• Synchronous detectors 

• Balanced mixers 

• Synthesizers 

• Balanced (push-pull) cascode amplifiers 

• Sense amplifiers 


•Formerly Developmental No. TA6228. 






Schematic Diagram for CA3049T 


Schematic Diagram for CA3102E 


10-72 
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•Terminals 1 & 14, or 7 & 8. (CA3102E) 1 & 12 or 6 & 7 (CA3049T) 
•Terminals 13 & 4, or 6 & 11. (CA3102E) 10 & 11 or 4 & 5 (CA3049T) 
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CA3049T, CA3102E 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

TEST 

CIR- 

CUIT 

CA3049T LIMITS 


TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

FIG. 

MIN. | TYP. |MAX. 

UNITS 

FIG. 

STATIC CHARACTERISTICS 

For Each Differential Amplifier 

Input Offset Voltage 

Vio 


1 


0.25 


mV 

-4 

Input Offset Current 

1 IO 

I3 = lg = 2 mA 

1 


0.3 


pA 

... 

Input Bias Current 

1 1 B 


1 


13.5 

33 

pA 

5 


IAV, 0 I 

AT 


1 


1.1 


B28J 

4 

I For Each Transistor | 

DC Forward Base-to- 
Emitter Voltage 

Vbe 

V CE = 6 V 

Iq = 1 mA 


... 

774 

... 

mV 

6 

Temperature Coefficient of 
Base-to-Emitter Voltage 

av be 

AT 

V CE = 6 V, l c = 1 mA 


... 

-0.9 

... 

mV/°C 

6 

Collector-Cutoff Current 

1 CBO 

V CB “ 10 V. I E = 0 


... 

0.0013 

100 

nA 

7 

Co 1 lector- to- E m i tter 
Breakdown Voltage 

v (BR)CEO 

lc = 1 mA, Iq = 0 


15 

24 

... 

V 


Collector- to-Baso 

Breakdown Voltage 

v (BR)CBO 

l c = 10 pA, l E = 0 


20 

60 

... 

V 


Collector-to-Substrate 
Breakdown Voltage 

v (BR)CIO 

l c = 10 pA, l B = 0, l E = 0 


20 

60 

... 

V 


Emitter-to-Base Breakdown 
Voltage 

v (BR)EBO 

l E = lOpA, l c = 0 


5 

7 


V 


1 DYNAMIC 1 

1 CHARACTERISTICS I 

1/f Noise Figure (For 

Single Transistor) 

NF 

f = 100 kh 3 . Hs = 500 n 

l c = 1 mA 



1.5 


dB 

12 

Gain-Bandwidth Product 
(For Single T ransistor) 

*T 

V CE = 6 V, l c = 5 mA 



1.35 


GH Z 

11 

Collector-Base Capacitance 

C CB 

l c =0 V CB =5V 

.. 


0.28 

0.28 


PF 

PF 

8 

Collector-Substrate Capacitance 

C CI 

l c =0 V C , = 5V 



1.65 


PF 

8 

1 For Each Differential | 

1 Amplifier I 

Common-Mode Rejection Ratio 

CM R 

1 3 = lg = 2 mA 



100 


dB 



AGC Range, One Stage 

AGC 

Bias Voltage = -6V 

2 


75 


dB 


Voltage Gain, Single-Ended 
Output 

A 

Bias Voltage = -4.2V 
f = 10 MHz 

2 


22 


dB 

9. 10 

Insertion Power Gain 

Go 

f = 200 MHz 
V C C = 12V 

For Cascode 
Configuration 

1 3 = lg = 2 mA 

For Diff. 
Amplifier 
Configuration 

1 3 = lg = 4mA 
(each 
collector 
•C - 2mA) 

Cascode 

3 


23 


dB 

... 

Noise F igure 

NF 

Cascode 

3 


4.6 


dB 

... 

Input Admittance 

Y 11 

Cascode 



1.5 + j 2.45 



14, 16, 18 

Diff. Amp. 



0.878 + j 1.3 


mmho 

15, 17, 19 

Reverse Transfer Admittance 

Y 12 

Cascode 



0 - j 0.008 


mmho 

... 

Diff. Amp. 



0 - j 0.013 




Forward Transfer Admittance 

y 21 

Cascode 



17.9 - j 30.7 


mmho 

26, 28, 30 

Diff. Amp. 



- 10.5 + j 13 



27, 29, 31 

Output Admittance 

Y 22 

Cascode 



- 0.503 - j 15 



20, 22, 24 

Diff. Amp. 



0.071 + j 0.62 



21, 23, 25 


•Terminals 1 & 14. or 7 & 8. (CA3102E) 1 & 12 or 6 & 7 (CA3049T) 
•Terminals 13 & 4. or 6 & 11. (CA3102E) 10 & 1 1 or 4 & 5 (CA3049T) 
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MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES , 
ATT a = 25° C 


Power Dissipation, P: 

CA3049T 

CA3102E 

Any one transistor 

300 

300 mW 

Total package 

600 

750 mW 

For Ta > 55°C Derate at: 
Temperature Range: 

5 

6.67 mW/°C 

Operating 

—55 to + 125 

—55 to + 125 °C 

Storage 

—65 to + 150 

-65 to + 150 °C 


Lead Temperature (During Soldering): 

At distance 1/16 ± 1 /32 inch ( 1 .59 ± 0.79mm) 
from case for 10 seconds max 


The following ratings apply for each transistor in the devices 


Collector-to-Emitter Voltage, Vqeq 15 v 

Collector-to-Base Voltage, VQgQ 20 V 

Collector-to-Substrate Voltage, Vqiq* 20 V 

Emitter-to-Base Voltage, Vggg 5 v 

Collector Current, Iq 50 mA 


•The collector of each transistor of the CA3049T and CA3102E is 
isolated from the substrate by an integral diode. The substrate 
(terminal 9) must be connected to the most negative point in the 
external circuit to maintain isolation between transistors and to 
provide for normal transistor action. 


+265°C 
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INPUT BIAS CURRENT (I IB ) 


ffl 



EMITTER CURRENT (I 3 ,I 9 )-mA 


Fig. 4— Input offset voltage vs. emitter current 



0.1 0.2 0.4 0.6 0.6 |0 2.0 4 0 6.0 8.0 |Q 

EMITTER CURRENT (I3 , Ig)— mA 92CS- 20797 

Fig. 5— Input bias current vs. emitter current 
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Fig. 6-Base-to-emitter voltage vs. collector current. 


DC BIAS VOLTAGE ON TERMINALS 2 AND 10— V KCS-20001 

Fig. 9-Voltage gain vs. dc bias voltage. 
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Typical Characteristics for CA3049T and CA3102E (cont'd) 
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Fig. 10— Voltage gain vs. frequency. 



Fig. 1 1 -Gain-bandwidth product vs. collector current. 



Fig. 12— 1/f noise figure vs. collector current. Fig. 13— 1/f noise figure vs. collector current 
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Fig. 18— input admittance (Yjj) vs. emitter current 
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Typical Output Admittance Characteristics for CA3049T and CA3102E 
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Fig. 20-Output admittance ( Y 2 ^ vs. frequency. 


Fig. 21 -Output admittance (Y 22 ) vs. frequency. 
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Fig. 22-Output admittance (Y 22 ) vs. collector supply voltage. 
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0 2 4 6 

EMITTER CURRENT Cr 3 ,I 9 )-m A 


92SS-3946 

Fig. 24— Output admittance (Y 22 ) vs. emitter current. 



92SS-3948 


Fig. 23— Output admittance (Y 22 ) vs. collector supply voltage. 
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FORWARD TRANSFER CONDUCTANCE (g 2( ) 


File No. 611 


CA3049T, CA3102E 


Typical Forward Transfer Characteristics for CA3049T and CA3102E 




92SS-394I 


Fig. 26— Forward transfer admittance (Y 2 j) vs. frequency. Fig. 27— Forward transfer admittance ( Y 2 j ) vs. frequency. 



0 10 20 30 40 


COLLECTOR SUPPLY VOLTAGE (V cc )-V 92SS-39S9 

Fig. 28— Forward transfer admittance (Y 2 j) vs. collector supply 
voltage. 



0 2 4 6 8 10 12 14 

EMITTER CURRENT (I 3 ,I 9 )-mA 

92SS-3940 


Fig. 30— Forward transfer admittance (Y 21 ) vs. emitter current. 



COLLECTOR SUPPLY VOLTAGE (V cc )-V 92SS-3942 


Fig. 29— Forward transfer admittance (Y 2 j) vs. collector supply volt- 
age. 



EMITTER CURRENT (^.lgl-mA 

92SS-3943 

Fig. 31— Forward transfer admittance (Y 21 ) vs. emitter current. 
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File No. 361 


MM] 

Solid State 
Division 


Linear Integrated Circuits 

CA3050 

CA3051 


Dual Differential Amplifiers 

Monolithic Silicon 


The CA3050 and CA3051 each consists of two differ- 
ential amplifiers with associated constant current tran- 
sistors on a common substrate. Each amplifier is driven 
by Darlington-connected emitter follower inputs to pro- 
vide- high input impedance, low bias current, and low 
offset current. A string of diodes is included to provide 
temperature-compensated bias to the constant current 
transistors and a low impedance bias point for the inputs 
to the differential amplifiers when a single power supply 
is used. 



TWO DARLINGTON- 
CONNECTED DIFFERENTIAL 
AMPLIFIERS WITH 
DIODE BIAS STRING 

For Low-Power 
Applications at 
Frequencies from DC 
to 20 MHz 



FEATURES 


CA3051 14-Lead Dual-in-Line 
Plastic Package 


• Input offset current 70 nA max. 

• Input bias current 500 nA max. 

• Input offset voltage 5 mV max. 

• Input impedance 460 kQ typ. 


• Independently accessible inputs and outputs 


APPLICATIONS 

• Matched dual amplifiers 

• Dual sense amplifiers 

• Dual Schmitt triggers 

• Dual multivibrators 

• Doubly balanced detectors and modulators 

• Balanced quadrature detectors 

• Synthesizer mixers 

• Product detectors 
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CA3050, CA3051 


MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, AT T A = 25°C 


CA3050 CA3051 

Power Dissipation, P: 

Any one transistor 150 150 mW 

Total package 900 750 mW 

For T a > 55°C, Derate at . . 8 6.67 mW/°C 

Temperature Range: 

Operating *55 to +125 °C 

Storage -65 to +150 °C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 


The following ratings apply for each transistor in the device: 


Collector-to-Emitter Voltage, 15 V 

Collector-to-Base Voltage, Vq^q 20 V 

Collector-to-Substrate Voltage, Vqjq 20 V 

Emitter-to-Base Voltage, V EBQ 5 V 

Collector Current, I^. 50 mA 


* The collector of each transistor of the CA3050 and CA3051 
is isolated from the substrate by an integral diode. The 
substrate (terminal 14) must be more negative than all col- 
lectors to maintain isolation between transistors and to 
provide for normal transistor action. 


MAXIMUM VOLTAGE RATINGS 


The following chart gives the range of voltages which can be applied to the terminals 


listed vertically with respect to the terminals listed horizontally. For example, the 


MAXIMUM 


voltage range between vertical terminal 2 and horizontal terminal 3 is +5 to —2 volts. 


CURRENT RATINGS 



NOTE 1 : This rating is important only when terminal 5 is more 
positive than terminal 8. 

NOTE 2: This rating is important only when terminal 8 is more 
positive than terminal 5. 

NOTE 3: This rating is important only when terminal 10 is more 
positive than terminal 1 1 . 


NOTE 4: This rating is important only when terminal 1 1 is more 
positive than terminal 10. 

"Voltages are not normally applied between these terminals. Voltages appearing 
between these terminals will be safe if the specified limits between all other 
terminals are not exceeded. 
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. File No. 361 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

TEST 

CIR- 

CUIT 

LIMITS 

CA3050/CA3051 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 






FIG. 


STATIC 


Amplifier Characteristics 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Quiescent Operating Current Ratio 


DC Forward Base-to-Emitter Voltage 


Temperature Coefficient of Base-to- 
Emitter Voltage 


Transistor Characteristics 


Collector-Cutoff Current 


Collector-to-Emitter Breakdown Voltage 


Collector-to-Base Breakdown Voltage 


Co I lector-to-Substrate Breakdown Voltage 


Emitter-to-Base Breakdown Voltage 


DYNAMIC 


Transistor Characteristics 


Emitter-to-Base Capacitance 


Collector-to-Base Capacitance 


Collector-to-Substrate Capacitance 


Amplifier Characteristics 


Gain-Bandwidth Product 
(For Single Transistor) , 


Forward Transadmittance 
(With single-ended input and output) 


Bandwidth at -3 dB Point 


Input Impedance 


Output Impedance 


Common-Mode Rejection Ratio 


AGC Range 
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Fig. 4(a) - Typical quiescent bias current vs 
input bias current. 
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-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A )—*C 

92CS-I54I4 


Fiq.2(b) - Typical input offset voltage vs 
ambient temperature. 



Fig.3(b) - Typical input offset current vs 
ambient temperature. 



Fig. 4(b) - Typical normalized input bias current vs 
ambient temperature. 
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File No. 361 


STATIC CHARACTERISTICS 




Fig. 5(a) - Typical quiescent operating current 
ratio vs quiescent bias current. 



O.OI 0.1 I 10 

EMITTER MILUAMPERES (r E ) 

t 92CS-I5428 


Fig. 5(b) - Typical quiescent operating current 
ratio vs ambient temperature. 



92 CS -154 20 


Fig. 6 - Typical static base-to-emitter voltage Fig. 7 - Typical base-to-emitter voltage characteristic 

characteristic vs emitter current for all tran- vs ambient temperature for each transistor, 

sistors and forward diode voltage drops. 



O 25 50 75 100 125 


AMBIENT TEMPERATURE (T A )— »C 92CS-15195 

Fig. 8 - Typical col lector -to-base cutoff current vs 
ambient temperature for each transistor. 
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DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 


3 Alt 

2S I:= 



IBIENT TEMPERATURE (T A J * 25* C :: 

litllilliii 

■ 

2.5 

:::::::::::::::::::: tttv. :::::: 

::::::::::::::::::: ::::: ::::::::::: :::::! 

:::::::: 

is::::::: 

- 2 ;;^ 

UJ : ^ 

::::::::::::::::::: =====: 

iJj^g 

I::::::: 

jjjjjjj 

o ::: 

t '- 9 ii= 

::::: 1 :::::! 

■ ■■■■ 

is::::: 

H 


||||j ||j 

II 

0.5 ::: 

■■■■■■■■■■■■■■■■•ii Sain ■ ■■■■■£■■■ ■■■■■! 

) 3@EBK 



0 

2 4 6 B 10 



VOLTS 9 2CS - 1 5423 

Fig.9 - Typical capacitance for each transistor. 

Vcc*IOV 



Fig. 11(a) - Test circuit for forward transadmittance, 
-3 dB bandwidth, and A GC range. 

* Vrr =10 V 



Fig. 12(a) - Test circuit for input impedance. 



Fig. 10 - Typical gain-bandwidth product (fj) for 
each transistor vs emitter current. 
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Fig. 11(b) - Typical differential amplifier forward trans- 
admittance with single-ended output vs frequency. 
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Fig. 12(b) - Typical input impedance vs frequency 
with output short-circuited. 








CA3050, CA3051 


File No. 361 


DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 


Vcc^OV 



Fig. 13(a) - Test circuit for output impedance. 



Fig. 13(b) - Typical output impedance vs frequency 
with input short-circuited. 
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File No. 387 



Solid State 
Division 


Linear Integrated Circuits 

CA3052 


Special-Function Sub-System 
Stereo Preamplifier 


The RCA CA3052 is a silicon monolithic integrated 
circuit designed specifically for stereo preamplifier 
service. The circuit consists of four independent AC 
amplifiers which can operate from a single-ended sup- 
ply. 

The CA3052 can operate as an equalizer amplifier 
in tape recorders, magnetic cartridge phonograph ap- 
plications, and tone control amplifiers. The CA3052 
can provide all of the amplification necessary for a 
full-function stereo preamplifier. 

The CA3052 is supplied in a 16-lead dual-in-line 
plastic package. 

APPLICATIONS 

0 Full-function stereo preamplifiers 
o Tape recorder and playback preamplifiers 
o Tone Generators 


FOUR INDEPENDENT 
AC AMPLIFIERS 

For Stereo Preamplifiers, 

Magnetic Pickups, 

Tape Heads, etc. 

CA3052 

FEATURES 

o Four AC amplifiers on a common substrate 
o Independently accessible inputs and outputs 
o Operates from single-ended supply 
EACH AMPLIFIER 


o High voltage gain 53 dB min. 

• High input resistance 90 k fl typ. 

o Undistorted output voltage 2 V rms min. 

o Output Impedance 1 kfi typ. 

• Open-loop bandwidth 300 kHz typ. 



RCA CA3048 Amplifier Array (File No.377) is schematically 
identical with the CA3052. Each amplifier of the CA3048 is 
tightly specified for equivalent output noise under a variety 
of test methods. The CA3052 is specified using RIAA test 
methods for equivalent input noise using one test method for 
amplifiers 1 and 4, and an appropriately different method for 
amplifiers 2 and 3. 



Fig.l — Block diagram of stereo preamplifier using CA3052. 
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ABSOLUTE-MAXIMUM RATINGS at Ta = 25°C: 


DISSIPATION: 

Up to T a = 55°C 750 mW 

Above T A = 55°C Derate linearly at 7.7 mW/°C 

TEMPERATURE RANGE: 

Operating — 40°C to +85°C 

Storage -65°C to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) 

from case for 1 0 seconds max +265°C 


POWER SUPPLY VOLTAGE +16 V 

AC INPUT VOLTAGE 0.5 V rms 


MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 2 and horizontal terminal 4 is +2 to -3.6 volts. 


TERM - 

INAL 

No . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

1 


+16 

0 

* 

* 

* 

* 

* 

* 

* 

* 

* 

♦ 

* 

... 

* 

0 

-16 

* 

2 



* 

+2 

- 3.6 

0 

* 

* 

+2 

- 3.6 

+2 

- 3.6 

* 

* 

+16 

0 

+2 

- 3.6 

* 

+16 

0 

0 

-16 

3 




+5 

-5 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

4 





+ 3.6 

-2 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

5 






0 

-16 

* 

+2 

- 3.6 

+2 

- 3.6 

* 

0 

-16 

+16 

0 

+2 

- 3.6 

* 

+ 16 

0 

♦ 

6 







* 

* 

* 

* 

* 

* 

0 

-16 

* 

* 

* 

7 








+5 

-5 

* 

* 

* 

* 

* 

* 

* 

* 

8 









* 

* 

* 

* 

* 

* 

. * 

* 

9 










+5 

-5 

* 

* 

* 

* 

* 

* 

10 











* 

* 

* 

* 

* 

* 

11 












* 

* 

* 

* 

* 

12 













0 

-16 

* 

* 

* 

13 














+5 

-5 

* 

* 

14 















* 

* 

15 
















+16 

0 

16 


















* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if the 
specified limits between all other terminals are not exceeded. 
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File No. 387 CA3052 

ELECTRICAL CHARACTERISTICS at T A = 25° C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

TEST 

CIR- 

CUIT 

LIMITS 

CA3052 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

FIG. 

MIN. 

TYP. 

MAX. 

FIG. 

STATIC | 

Current drain per amplifier pair 

1 12 or 1 15 

v cc = + l2V 

3 

9.5 

13.5 

17.5 

mA 

4, 5 

DC Voltage 
at Output Terminals 

v i. v 6 , 
V 11. Vie 

v cc = + i2V 

3 

6.1 

6.9 

8.1 

V 

- 

DC Voltage 

at Feedback Terminals 

V 3' V 7. 
V 10* V 14 

V CC =+12V 

3 

1.7 




- 

DC Voltage 
at Input Terminals 

EH 

V CC = + 12V 

3 

gg 


D 

1 

- 


Open-Loop Gain 



n 



■ 


fl 

Open-Loop 

Output Voltage Swing 

V Q (rms) 

V CC = +12V 
f = 1kHz 

THD =5% 

6 

2.0 

2.4 

■ 

1 

- 

Open-Loop -3dB Bandwidth 

BW 

V CC = +12V 

E m =2mV 

6 

- 


B 

kHz 

9 

Open-Loop 

Total Harmonic Distortion 

THD 


D 

- 


B 

m 

10 

Input Resistance 

R l 

V cc = + 12 V, f = 1 kHz 

- 

- 

n 

- 


- 

Input Capacitance 

C l 

V cc = +12V, f= 1MHz 

- 

- 

9 

- 

PF 

- 

Output Resistance 

R o 

V CC = +12 V, f = 1 kHz 

- 

- 

1 

- 

kH 

- 

Feedback Capacitance 
(Output to non- 
inverting Input) 



■ 

■ 

<0.1 

■ 

PF 

- 

Equivalent Input 

Noise Voltage 
(Amplifiers 1 & 4), 

"C” Filter at Output* 

e ni* 

v cc = + iov 

R s = 5kO 

A = 45 dB 

B 

■ 

1.7 


fxM 

- 

Equivalent Input 

Noise Voltage 
(Amplifiers 2 & 3) 

RIAA Compensated* 

E N2* 

v cc = + iov 

R s = 5kQ 

A = 64 dB (1 kHz) 

■ 

■ 

■ 


MV 

- 

Inter-Amplifier Audio 

Separation "Cross Talk 1 ' 


V cc =+12V 

f = 1 kHz 

OdB = 0.78 V 

13 

- 


1 


- 

Inter-Amplifier Capacitance 
(Any amplifier output to 
any other amplifier input) 

C 

V CC =+12V 
f = 1 MHz 

- 

- 

< 0.02 

- 

PF 



- 


♦Per IHF Standard Methods of Measurement for Audio Amplifiers IHF-A-201, 1966 
t ac feedback included in test circuit 
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CA3052 



AMBIENT TEMPERATURE (T A I— *C 

92CS-I5458 

Fig . 5 •‘Typical DC supply current vs ambient 
temperature. 



Fig. 7 - Typical amplifier gain vs DC supply voltage. 



* Sig. Gen. should be a low distortion type (0.2% THD or less) 
HP206A or equivalent. 

• Adjustment of Eg to 2 volts will make Es = 2 mV. 

Test Circuit shows Amplifier #1 under test, to test Amplifiers 2, 3, 
or 4; Connect terminals as shown in Table. 


AMPLIFIER 

TERMINALS | 

OUTPUT 

INPUT 

BYPASS 

1 

1 

4 

3 

2 

6 

8 

7 

3 

11 

9 

10 

4 

16 

13 

14 


Fig. 6 - Test circuit for measurement of distortion, 
open-loop gain, and bandwidth characteristics. 



AMBIENT TEMPERATURE (T A )-°C 


92CS-I5467RI 


Fig. 8 -Typical open-loop gain vs ambient temperature. 


Z 

0 

1 

2 



FREQUENCY (0- kHz 

92CS-I5468 

Fig o 9 -Typical open-loop gain vs frequency. 
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92CS -154 62 

Fig. 10. - Typical total harmonic distortion 
vs ambient temperature. 



♦Resistors are low noise precision (1%) Metal Film type. 

Fig. 11 - Test circuit for equivalent input noise 
voltage measurement , RIAA compensated. 



♦Resistors are low noise precision, (1%) Metal Film type. 
Resistor values are in ohms; capacitance values are 
in microfarads, unless otherwise specified. 

Fig. 12 - Test circuit for measurement of equivalent 
input noise voltage of amplifiers 1 and 4. 



♦V.T.V.M. • Hewlett-Packard Model 400D or equivalent. 

Procedure: 

1. Adjust Signal Generator for OdB output at reference terminal. 

2. Read voltage at other output terminals (Figure shows terminal #1 
used as reference). 

Fig. 13 -Test circuit for measurement of inter-amplifier 
audio separation "cross talk” characteristic. 
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CA3052 


V C c(12 TO 14 VOLTS) 



NOTES: 

1) Resistor values are in ohms, capacitance values are 
in microfarads, unless otherwise specified. 

2) R-^ and R 2 resistor values are selected for a 
sensitivity of 3 mV input at 1 kHz. 


(CHANNEL “B”) 

92SS-4 12: 

3) Ry, volume control potentiometer, 15000 ohms 
tap at 6000 ohms with logarithmic taper * 


4) Rg, bass control potentiometer, 25000 ohms. 

5) Rrp, treble control potentiometer, 25000 ohms. 

Fig . 14 - Typical magnetic phono pre-amplifier 
using CA3052. 

*This control, (part No. 11782-JM, type Q-T4-2G) may be obtained 
by contacting CTS Asheville Inc., Mills Gap Rd., Skyland, N. C. 
28872. Guide for potentiometer manufacturers refer to Buyers'. 


Typical Performance Data/Channel 
For Stereo Preamplifier 


Magnetic-Phono Input 

Voltage Gain at f = 1 kHz 47 dB 

Noise and Hum:* 

Full volume --60 dB below 40 W 

Zero volume -80 dB below 40 W 

Boost and Cut: 

Bass at f = 100 Hz ± 10 dB 

Treble at f = 10 kHz ± 10 dB 

Channel Separation at f = 1 kHz > 40 dB 

Input Equalization, RIAA 1 2dB 


♦Measurement made with preamplifier connected to 40-watt 
Quasi-Complementary Symmetry audio amplifier circuit. 

For circuit details see RCA publication, Form No. 2L1111. 
To construct channel B circuit, duplicate channel A com- 
ponent circuit values to the appropriate channel B terminal 
as shown in table. 


Channel B 
Terminal No. 

Channel A 
Terminal No. 

Circuit 

Description 

9 

8 

input 

10 

7 

feedback 

11 

6 

interstage output 

13 

4 

interstage input 

14 

3 

feedback 

16 

1 

output 
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10 100 1000 10,000 100,000 
RESISTANCE IN FEEDBACK CIRCUIT (Rpg) - OHMS 


92CS-I5469 

Fig. 15 -Typical amplifier gain vs feedback resistance 


OPERATING CONSIDERATIONS 
Economical Gain Control 

The CA3052 is designed to permit flexibility in the 
methods by which amplifier gain can be controlled. 

Fig. 15 shows a curve of the gain of an amplifier when 
when tiie internal resistive feedback of the device is 
used in conjunction with an external resistor. Although 
measured gain of various amplifiers will not be uni- 
form, because of tolerances of internal resistances, 
this method is very economical and easy to apply. 

Stability 

The CA3052, as in other devices having high gain- 
band-width product, requires some attention to circuit 
layout, design, and construction to achieve stability. 

Should the CA3052 be left unterminated, socket cap- 
acitance alone will provide sufficient feedback to 
cause high frequency oscillations; therefore, all test 
circuits in this data bulletin include loading networks 
that provide stability under all conditions. 


296 




File No. 490 


MB/JQ Linear Integrated Circuits 

Solid State Monolithic Silicon 

Division 

CA3058 ,CA3059,CA3079 



Zero-Voltage Switches 

For 50/60 and 400 Hz Thyristor Control Applications 


Features 

C A 3058 

CA3059 

CA3079 

m 24V, 120V, 208/230V, 277 V at 50 60, or 

400 Hz operation 

V 

V 

V 

■ Differential Input 

V 

V 

V 

■ Low Balance Input Current (max.) -pA 

1 

1 

2 

■ Built-in Protection Circuit for 

opened or shorted sensor (Term. 14) 

V 

V 


■ Sensor Range (Rx) - 

2 to 100 

2 to 100 

2 to 50 

■ DC Mode (Term 12) 

V 

\/ 


■ External Trigger (Term. 6) 

V 

V 


■ External Inhibit (Term. 1 ) 

V 

V 


■ DC Supply Volts (max.) 

14 

14 

10 

■ Operating Temperature Range - °C 

-55 to 

-40 to 

-40 to 


125 

85 

85 


RCA CA3058, CA3059, and CA3079 zero-voltage switches 
are monolithic silicon integrated circuits designed to control 
a thyristor in a variety of AC power switching applications 
for AC input voltages of 24 V, 120 V, 208/230 V, and 
277 V at 50/60 and 400 Hz. Each of the zero-voltage switches 
incorporates 4 functional blocks (See Fig. 2)as follows: 

1. Limiter-Power Supply - - Permits operation directly from 
an AC line. 

2. Differential On/Off Sensing Amplifier - - Tests the 
condition of external sensors or command signals. Hyste- 
resis or proportional-control capability may easily be 
implemented in this section. 

3. Zero-Crossing Detector - - Synchronizes the output pulses 
of the circuit at the time when the AC cycle is at zero 
voltage point; thereby eliminating radio-frequency inter- 
ference (RFI) when used with resistive loads. 

4. Triac Gating Circuit - - Provides high-current pulses to the 
gate of the power controlling thyristor. 

In addition, the CA3058 and CA3059 provide the following 
important auxiliary functions (See Fig. 2): 

1. A built-in protection circuit that may be actuated to 
remove drive from the triac if the sensor opens or shorts. 

2. Thyristor firing may be inhibited through the action of an 
internal diode gate connected to Terminal 1. 

3. High-power dc comparator operation is provided by over- 
riding the action of the zero-crossing detector. This is 
accomplished by connecting Terminal 12 to Terminal 7. 
Gate current to the thyristor is continuous when Terminal 
13 is positive with respect to Terminal 9. 

For an explanation of these functions see Operating Con- 
siderations, page 8. For detailed application information, 
see companion Application Note ICAN-6182, "Features 
and Applications of RCA Integrated-Circuit Zero-Voltage 
Switches (CA3058. CA3059, and CA3079)". 


Applications 

■ Relay control ■ Heater control ■ Photosensitive control 

■ Valve control ■ Lamp control ■ Power one-shot control 

■ Synchronous switching of flashing lights 

■ On-off motor switching 

■ Differential comparator with self-contained power supply 
for industrial applications 

MAXIMUM RATINGS. Absolute Maximum Values , at T A =25°C 


DC Supply Voltage (between T erms. 2 and 7) : 

CA3058, CA3059 14 V 

CA3079 10 V 

DC Supply Voltage (between T erms. 2 and 8) : 

CA3058, CA3059 14 V 

C A 3079 10 V 

Peak Supply Current (Terms. 5 and 7) +50 mA 

Output Pulse Current (Term. 4) 150 mA 

Power Dissipation: 

Up to T a = 75°C - - C A 3058 700 mW 

Up to T A = 55°C - - CA3059, CA3079 700 mW 

Above T a = 75°C - - CA3058 Derate Linearly 8 mW/°C 

Above T a = 55°C -CA3059, CA3079 Derate linearly 6.67 mW/°C 
Ambient Temperature Range: 

Operating -55 to +1 25 °C 

Storage -65to+150°C 

Lead Temperature (During Soldering) 

At distance 1/16 ± 1/32” (1.59 ± 0.79 mm) 

from case for 10 seconds max. +265 C 
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NOTE: CIRCUITRY, WITHIN shaded: AREAS, NOT INCLUDED IN CA3079 

AlC«INTERNAL CONNECTION --DO NOT USE (TERMINAL 
RESTRICTION APPLIES ONLY TO CA3079) 


Fig. 1— Schematic diagram of zero-voltage switches CA3058, CA3059 and CA3079. For functional block diagram see Fig. 2. 


MAXIMUM 

CURRENT 

MAXIMUM VOLTAGE RATINGS atT A = 25°C RATINGS 



1 

Mote 

3 

2 

3 

4 

rr 

6 

Note 

3 

7 

8 

9 

10 

ii 

12 

Note 

3 

B 

EH 

This chart gives the range of voltages 
which can be applied to the terminals 

>IN 

mA 

•out 

mA 

1 

Note 3 

■ 

B 

B 

■ 

■ 

H 

i 

H 

■ 

■ 

H 

H 

■ 


listed horizontally with respect to the 
terminals listed vertically. For example, 

10 

0.1 

2 



I 

0 

-15 

2 

-14 

B 

i 

o A 

-14 

0 

-14 

i 

0 

-14 

* 

9 

9 

the voltage range of horizontal Terminal 6 
to vertical Terminal 4 is 2 to -10 volts. 

150 

10 

m 

■ 

■ 

■ 

1 

B 

B 

fl 

B 

B 

■ 

B 


B 

B 

Note 1 - Resistance should be inserted 
between Term. 5 and external supply or 
line voltage for limiting current into 

Term. 5 to less than 50 mA. 

Note 2 - Resistance should be inserted 

* 

* 

4 

■ 

■ 

■ 

■ 

B 

l 

fl 

■ 

fl 

■ 

■ 

■ 

■ 

fl 

0, 

150 

5 

Note 1 

■ 

i 

■ 

■ 

fl 

■ 

9 

■ 

■ 

fl 

fl 

■ 

■ 

■ 

50 

10 

6 

Note 3 







a 


* 

* 

* 

* 

* 

* 

between Term. 14 and external supply 
for limiting current into Term. 14 to 
less than 2 mA. 

* 

* 

7 

■ 

i 

1 

1 

■ 

■ 

l 

1 

fl 

B 

20 

0 

2.5 

-2.5 

14 

0 

6 

-6 

* 

* 

8 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

B 

e 

B 

■ 

■ 

■ 

■ 

NOTE 3: For the CA3079 indicated terminal 
is internally connected and therefore, 

0.1 

2 

9 










1 

* 

* 

♦ 

* 

should hot be used. 

* 

* 

10 










r 

• 

* 

* 

* 

A For CA3079 (0 to-lOV) 

* 

* 

11 

■ 

1 

■ 

■ 

B 

K 

■ 

■ 

■ 

■ 

■ 

fl 

fl 

fl 

* 

* 

HI 

■ 

1 

fl 

■ 

fl 

■ 

1 

■ 

■ 

■ 

1 

■ 

fl 

9 

"Voltages are not normally applied between 
these terminals; however, voltages appear- 
ing between these terminals are safe, if the 
specified voltage limits between all other 

j>0j 

50 

13 

■ 

■ 

■ 

l 

fl 

■ 

fl 


B 

■ 

■ 

1 

■ 

9 

* 

* 


_ 


_ 




_ 

_ 

_ 



_ 

£ 

I 

terminals are not exceeded. 

2 

2 . 
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CA3058, CA3059, CA3079 



AC Input Voltage 
(50/60 or 400 Hz) 

V AC 

Input Series 
Resistor (Rs) 
k ft 

Dissipation Rating 
for Rs 

W 

24 

2 

0.5 

120 

10 

2 

208/230 

20 

4 

277 

25 

5 


NOTE: 

Circuitry, within shaded areas, not included in 
CA3Q79 

■ See chart above 

a 1C = Internal Connection - - DO NOT USE (Terminal Restriction 
applies only to CA3079). 


Fig.2— Functional block diagrams of the zero-voltage switches CA3058, CA3059 and CA3079. For schematic diagram see Fig. 1. 



Fig.3a-DC supply voltage test circuit for CA3058, CA3059 
and CA3079. 



120-V RMS, 50/60-Hx OPERATION 
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AMBIENT TEMPERATURE (T A )—*C 92CS-I8065 


Fig. 3b— DC supply voltage vs. Ta for CA3058, C A 3059 and 
CA3079. 




Fig.3c—DC supply voltage vs. external load current for Fig.4-Gate trigger current vs. gate trigger voltage for 
CA3058, CA3059 and CA3079. CA3058, CA3059 and CA3079. 
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ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise) 
All voltages are measured with respect to Terminal 7. 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

CIRCUIT 

Ta = 25°C 

(Unless Indicated Otherwise) 

Typical 

Charac- 

teristics 

Curves 

Fig. No. 


Cool K2S3 d3E 

| For Operating at 120V rms, 50-60 Hz (AC Line Voltage)* j 

DC Supply Voltage: 

Inhibit Mode 

At 50/60 Hz 

v s 


R S = 10 k n. I L = 0 

3b 

6.1 

■ 

■ 

V 

At 400 Hz 

RS= lOkft, 1 L = 0 

- 

- 

m 

- 

V 

At 50/60 Hz 

RS = 5 k £2, l L = 2 mA 

3c 

- 

ms 

- 

V 

Pulse Mode 

At 50/60 Hz 

RS= 10 k ft, Il = 0 

3b 

m 

m 

■ 

V 

At 400 Hz 

RS= 10k S2, Il = 0 

- 

- 

mm 

- 

V 

At 50/60 Hz 

R S = 5k 0. l L = 2mA 

3c 

- 

BIBI 

- 

V 


RS= 10k n, II =o 

TA=*55to 125°C 

- 

m 


H 


Gate Trigger Current 

lGT(4) 

5a 

Terms 3 and 2 connected, Vqt = IV 

4 

- 


- 

mA 

Peak Output Current (Pulsed): 
With Internal Power Supply 

'OM(4> 

5a 

Term. 3 open, Gate Trigger Voltage 

(Vqt) = 0 

5b 

50 

84 


mA 

Terms.3 and 2 connected. Gate Trigger 

Voltage (Vqt) = 0 


90 

124 

_ 

mA 

With External Power Supply 

IOM(4) 

6a 

Term. 3 open, V + = 1 2V, Vqt = 0 


- 

warn 

was 

mA 

Terms 3 and 2 connected V + =1 2V, 
vqt = o 


_ 


_ 

mA 

Inhibit Input Ratio: 

All Types 

mu 

7a 

Voltage Ratio of Term. 9 to 2 

7b 

mm 

0.485 


- 

CA3058 


T A = -55 to 125°C 



- 

■raaa 


Total Gate Pulse Duration:* 

For positive dv/dt 

50-60 Hz 

■ 


cex't = o 

8b 

70 

100 

140 

MS 

400 Hz 

tp 



8d 

- 


- 

MS 

For negative dv/dt 

50-60 Hz 


m 

E 1 


a 


140 

MS 

400 Hz 

tN 


CEXT = 0. Rext = “ 

8d 

- 

10 

- 

MS 

Pulse Duration After Zero 
Crossing (50-60Hz): 

For positive dv/dt 

tPI 

8a 

cext = o 
r ext = 00 

8c 


50 



For negative dv/dt 

tNI 

8a 

8c 

- 


- 

MS 

Output Leakage Current 

Inhibit Mode: 

All Types 

<4 

- 


9 


0.001 

10 

ma 

CA3058 

T A - -55 to 125°C 


- 

- 

20 

ma 

Input Bias Current: 

CA3058, CA3059, 

•i b 

10 




220 

1000 

nA 

CA3079 




220 

2000 

nA 

Common-Mode Input 

Voltage Range 

VCMR 


Terms. 9 and 13 connected 


- 

1.5 to 
5 

•- 

V 

Sensitivity =£ 

(Pulse Mode) 

AV 13 

5a 

Term. 12 open 

12 

- 

6 

- 

mV 


^Required voltage change at Term.13 to either turn OFF the triac when ON or turn ON the triac when OFF. 

‘Pulse duration in 50 Hz applications is approximately 15% longer than shown in Fig. 8b 

•The values given in the Electrical Characteristics Chart at 120V also apply for operation at input voltages of 24V, 208/230V, and 277V., except for Pulse Duration. 
However, the series resistor (Rg) must have the indicated value, shown in the chart in Fig. 2, for the specified input voltage. 
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CA3058, CA3059, CA3079 



ALL RESISTANCE VALUES ARE IN OHMS 


Fig.5a—Peak output (pulsed) and gate trigger current with 
internal power supply test circuit for CA3058, 
CA3059 and C A3 07 9. 

v + 



Fig.6a—Peak output current (pulsed) with external power 
supply test circuit for CA3058 and CA3059. 



EXTERNAL POWER SUPPLY VOLTS (V + ) 


Fig.6b—loM vs - external power supply voltage for CA3058 
and CA3059. 



Fig. 5b— I qm vs. T/\ for CA3058, CA3059 and CA3079. 



92CM-I8064 

Fig.6c—loM with external power supply vs. T/\ for CA3058 
and CA3059. 






CA3058, CA3059, CA3079 
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Fig.7a— Input inhibit ratio test circuit for CA3058, CA3059 
and CA3079. 



Fig.8a—Gate pulse duration test circuit with associated wave- 
form for C A 3058, CA3059 and CA3079. 



AMBIENT TEMPERATURE (T A )-*C 92CS-I8067 

Fig. 7b- Input inhibit voltage ratio vs. T/\ for CA3058, 
CA3059 and CA3079. 



Fig. 8b— Total gate pulse duration vs. external capacitance for 
CA3058, CA3059 and CA3079. 



EXTERNAL CAPACITANCE (c EXT )- i> F 


92SS-4281 

Fig.8c— Pulse duration after zero crossing vs. external capa- 
citance for CA3058, CA3059 and CA3079. 



Fig.8d— Total gate pulse duration i/s. external resistance for 
CA3058 and CA3059. 
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CA3058, CA3059, CA3079 



92CS-I8063 


Fig.9-Output leakage current (inhibit mode ) vs. T/\ for 
CA3058, CA3059 and CA3079. 



Fig. 10-Input bias current test circuit for CA3058, CA3059 
and CA3079. 






Fig. 1 1— Relative pulse width and location of zero -voltage crossing for 220-volt operation for CA3058, CA3059 and CA3079. 
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AMBIENT TEMPERATURE -°C 


92SS-4Z83 


Fig.1 3— Operating regions for built-in protection circuit for 
CA3058 and CA3059. 


OPERATING CONSIDERATIONS 


Power Supply Considerations for CA3058, CA3059 and CA3079 
The CA3058, CA3059 and CA3079 are intended for operation as 
self-powered circuits with the power supplied from an AC line 
through a dropping resistor. The internal supply is designed to 
allow for some current to be drawn by the auxiliary power circuits. 
Typical power supply characteristics are given in Figs. 3b and 3c. 

Power Supply Considerations for CA3058 and CA3059 
The output current available from the internal supply may not be 
adequate for higher power applications. In such applications an 
external power supply with a higher voltage should be used with a 
resulting increase in the output level. (See Fig. 5 for the peak 
output current characteristics). When an external power supply is 
used. Terminal 5 should be connected to Terminal 7 and the 
synchronizing voltage applied to Terminal 12 as illustrated in Fig. 5a. 

Operation of Built-in Protection for the CA3058, CA3059 

A special feature of the CA3058 and CA3059 is the inclusion of a 
protection circuit which, when connected, removes power from the 
load if the sensor either shorts or opens. The protection circuit is 
activated by connecting Terminal 14 to Terminal 13 as shown in Fig. 
2. To assure proper operation of the protection circuit the following 
conditions should be observed: 

1. Use the internal supply and limit the external load current to 
2mA with a 5k S2 dropping resistor. 

2. Set the value of Rp and sensor resistance (Rx) between 2k £2 
and 100k SI. 


3. The ratio of Rx to Rp, typically, should be greater than 0.33 
and less than 3. If either of these ratios is not met with an un- 
modified sensor over the entire anticipated temperature range, 
then either a series of shunt resistor must be added to avoid 
undesired activation of the circuit. 

If operation of the protection circuit is desired under conditions 
other than those specified above, then apply the data given in Fig. 13. 

External Inhibit Function for the CA3058 and CA3059 
A priority inhibit command may be applied to Terminal 1. The 
presence of at least + 1.2V at 10 jliA will remove drive from the 
thyristor. This required level is compatible with DTL or T^L logic. 
A logical 1 activates the inhibit function. 

DC Gate Current Mode for the CA3058 and CA3059 
Connecting Terminals 7 and 12 disables the zero-crossing detector and 
permits the flow of gate current on demand from the differential 
sensing amplifier. This mode of operation is useful when comparator 
operation is desired or when inductive loads are switched. Care 
must be exercised to avoid overloading the internal power supply 
when operating in this mode. A sensitive gate thyristor should be 
used with a resistor placed between Terminal 4 and the gate in order 
to limit the gate current. 

Companion Application Notes, ICAN-6168 and ICAN-6268 provide 
detailed descriptions of the circuit operation and include many useful 
control applications for the zero-voltage switches. 
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Solid State 
Division 


Linear Integrated Circuits 

CA3060AD CA3060BD 
CA3060D CA3060E 



Operational lYansconductance 
Amplifier Arrays 

APPLICATIONS 


For low power conventional operational amplifier applications 

Active filters ■ Multiplexers 

Comparators ■ Multipliers 

Gyrators Q Strobing and gating functions 

Mixers ■ Sample and hold functions 

Modulators 


FEATURES 

b Low power consumption — as low as IOO/liW per amplifier 


RCA-CA3060AD, CA3060BD, CA3060D, and CA3060E, 
monolithic integrated circuits, are arrays of three independ- 
ent Operational Transconductance Amplifiers. This type of 
amplifier is a new circuit concept that has the generic 
characteristics of an operational voltage amplifier with the 
exception that the forward gain characteristic is best 
described by transconductance rather than voltage gain 
(open-loop voltage gain is the product of the transcon- 
ductance and the load resistance, g m R l) • When operated into a 
suitable load resistor and with provisions for feedback, these 
amplifiers are well suited for a wide variety of operational- 
amplifier and related applications. In addition, the extremely 
high output impedance makes these types particularly well 
suited for service in active filters. 

The three amplifiers in the CA3060 family are identical 
push-pull Class A types which can be independently biased to 
achieve a wide range of characteristics for specific applica- 
tions. The electrical characteristics of each amplifier are a 
function of the amplifier bias current (IaBC^- This f eature 
offers the system designer maximum flexibility with regard 
to output current capability, power consumption, slew rate, 
input resistance, input bias current, and input offset current. 
The linear variation of the parameters with respect to bias 
and the ability to maintain a constant dc level between input 
and output of each amplifier also makes the CA3060 suitable 
for a variety of non-linear applications such as mixers, 
multipliers, and modulators. 

In addition; the types in the CA3060 family incorporate a 
unique Zener diode regulator system that permits current 
regulation below supply voltages normally associated with 
such systems. 


b Independent biasing for each amplifier 
■ High forward transconductance 
h Programmable range of input characteristics 
n Low input bias and input offset current 
a High input and output impedance 

a No effect on device under output short-circuit conditions 
b Zener diode bias regulator 


Generic applications of the OTA are described in ICAN- 
6668, Applications of the CA3080 and CA3080A High- 
Performance Operational Transconductance Amplifiers. 

The CA3060AD, CA3060BD, and CA3060D are supplied in 
a hermetic 16-lead dual-in-line ceramic package which can be 
operated over the full military temperature range, -55°C to 
+125°C. The CA3060E is supplied in a 16-lead dual-in-line 
plastic package and is operational from -40°C to +85°C. 



Fig. 1— Functional block diagram for each type in the 
CA3060 family. 


11-71 


305 








CA3060, CA3060A, CA3060B 


File No. 537 


MAXIMUM RATINGS, Absolute Maximum Values at Ta * 25°C 


DC Supply Voltage (between V + and V* terminals) : 

CA3060AD, CA3060BD, CA3060E 36V (±18V) 

CA3060D 14 V (±7V) 

Differential Input Voltage (each amplifier): 

CA3060AD, CA3060BD, CA3060E ±5V 

CA3060D ±5V 

DC Input Voltage * V + to V~ 

Input Signal Current (each amplifier of each type): ±1 mA 

Amplifier Bias Current (each amplifier of each type) 2 mA 

Bias Regulator Input Current -5 mA 

Output Short-Circuit Duration* No limitation 


Device Dissipation: 

Total Package of each type up to Ta 

- 75°C . . . 

490 mW 

Above T a = 75°C 

.Derate linearly 6.67 mW/°C 

Temperature Range: 

Operating - 

CA3060AD, CA3060BD, CA3060D . 


. . -55 to +125°C 

CA306QE 


... -40 to +85°C 

Storage - 

CA3060AD, CA3060BD, CA3060D, 
CA3060E 


. . -65 to +1 50°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 in. (1.59 ±0.79 mm) 
from case for 10s max 

+300°C 


•Short circuit may be applied to ground or to either supply. 


ZENER BIAS REGULATOR 



A INVERTING INPUT OF AMPLIFIERS 1,2. AND 3 IS ON TERMINAL 
Nos. 13, 12 AND 4, RESPECTIVELY 
O NON-INVERTING INPUT OF AMPLIFIERS 1, 2, AND 3 IS 
TERMINAL Nos. 14. 1 1 , AND 5, RESPECTIVELY 
* OUTPUT OF AMPLIFIERS 1, 2, AND 3 IS ON TERMINAL Nos. 16,9. 
AND 7, RESPECTIVELY 

□ AMPLIFIER BIAS CURRENT OF AMPLIFIERS 1. 2. AND 3 IS ON 
TERMINAL Nos. 15, 10, AND 6, RESPECTIVELY 


NOTE: A complete schematic diagram of the OTA is shown on Page 6 . 92CS-i586om 


Fig. 2— Simplified schematic diagram showing bias regulator and one operational transconductance amplifier for 


each type of the CA3060 family. 
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Fig.3— Input offset voltage vs. amplifier bias current. 



Fig.4- Input offset current us. amplifier bias current. 
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ELECTRICAL CHARACTERISTICS (CA3060D) 

For each amplifier at Ta = 25°C # V + = 6 V, V* = -6 V 


CHARACTERISTIC 

SYMBOL 

TYPICAL 

CHARACTER- 

ISTICS 

CURVES 

Fifl- 

LIMITS 

UNITS 

Amplifier Bias Current 

•ABC “ 1 V* 

•abc-i°^a 

Iabc-100/ja 

H2Q EDSEESS 

1 

1 

1 

1 

B 

| STATIC CHARACTERISTICS | 

Input Offset Voltage 

Vio 

3 

- 

1 

5 

- 

1 

5 

- 

1 

5 

on 

Input Offset Current 

<10 

4 

- 

3 

14 

- 

El 

1331 

- 

BSil 


BH 

Input Bias Current 

Mb 

5a. b 

- 

2B 

70 

- 


3BI 

- 

2231 

233H 

33 

Peak Output Current 

»om 

6a, b 

1.3 

B 

- 

15 

26 

- 

131 

E3I 


JSM 

Peak Output Voltage: 

Positive 

V OM+ 

7 

4.6 

5 

_ 

4.5 

4.8 

_ 

H 

B 

B 

V 

Negative 

VOM‘ 

5.8 


- 

5.8 

5.95 

- 

E3 



Amplifier Supply 

Current (each amplifier) 

•a 

8a, b 

_ 



_ 

85 

120 

_ 



■ 

Power Consumption 
(each amplifier) 

P 

_ 




_ 

1 

1.45 

_ 



Hj 

Input Offset-Voltage 
Sensitivity": 

Positive 

AV|q/AV + 

- 

_ 




2 

120 


2 

120 

MV/v 

Negative 

Av, 0 /Av' 

- 

WM 


- 

20 

120 

- 

ES 


Amplifier Bias Voltage* 

Vabc 

9 

_ 



- 

321 

SB 

- 

331 


V 

| DYNAMIC CHARACTERISTICS (at 1 kHz unless specified otherwise) ! 

Forward Transconductance 
(large signal) 

921 

10a, b 

0.3 

1.55 


3 

18 


30 

102 

_ 

mmho 

Common-Mode Rejection 
Ratio 


_ 

70 

1 

_ 

70 

110 

_ 

70 

■ 

_ 

dB 

Common-Mode Input- 
Voltage Range 


_ 

4.4 to -5.1 min. 

4.7 to -5.3 typ. 

4.3 to -5 min. 

4.6 to -5.2 typ. 

4.3 to -5 min. 

4.6 to -5.2 typ. 

V 

Slew Rate (Test ckt.. 

Fig. 13 




0.1 



1 


■ 

B 

B 


Open-Loop (g21 ) 

Bandwidth 


11 

_ 

20 

_ 

_ 

45 

_ 

_ 

B 

_ 

| 

Input Impedance 
Components: 

Resistance 


. 12 


1600 

■ 

90 

170 




1 

| 

Capacitance at 1 MHz 

C, 

- 

- 

m 


- 

2.7 

- 

- 

m 


S 

Output Impedance 
Components: 

Resistance 


14 

■ 


■ 


20 


■ 

H 

1 


Capacitance at 1 MHz 

Co 

- 

- 

El 


- 

4.5 

- 

- 

m 


B! 

ZENER BIAS REGULATOR CHARACTERISTICS (at T A = 25°C, l 2 = 0.1 mA) | 

Voltage 

Vz 

15 

Temp. Coeff. = 3 mV/°C 

MIN. 

TYP. 

MAX. 


6.2 

6.7 

7.9 

V 

Impedance 

Zz 

- 



200 

300 

n 


* Temperature-Coefficient; -2.2 mV/°C (at V ABB = 0,54 •ABC = 
1 MA; -2.1 mV/°C (at V ABC = 0.060 V, l ABC = 10 /IA); -1.9 
mV/oc (at V ABC = 0.66 V. I ABC = lOO^tA) 

■ Conditions for Input Offset Voltage and Supply Sensitivity: 

(a) Bias current derived from the regulator with an appropriate 
resistor connected from terminal No. 1 to the bias terminal on 
the amplifier under test -- 


V + is reduced to 5 volts for V + sensitivity 
V' is reduced to -5 volts for V* sensitivity 
i L v,/+ Vof f set - Voff set for +5 V and -6 V supplies 

(b) V* sensitivity in uV/V = 

1 volt 

... ... . ....... Vof f set - Voff set for -5 V and +6 V supplies 

V sensitivity in UV/V = — — 

1 volt 


307 



























CA3060, CA3060A, CA3060B File No. 537 

ELECTRICAL CHARACTERISTICS (CA3060AD, CA3060BD, CA3060E) 

For each amplifier at T A = 25°C, V + = 15 V, V* = -15 V 


CHARACTERISTIC 

SYMBOL 

TYPICAL 

CHARACTER- 

ISTICS 

CURVE 

Fig. 

LIMITS 

UNITS 

Amplifier Bias Current 

* ABC = 1 V* 

'ABC = 10/iA 

•abc s 100 ^a 

MIN.|TYP. (MAX. 

MIN. (TYP. |MAX. 

MIN. 1 TYP. |MAX. 

CA3060BD 

CA3060AD 

CA3060BD 

CA3060E 

| STATIC CHARACTERISTICS j 

Input Offset Voltage 

v IO 

3 

- 

1 

5 

- 

1 

5 

- 

1 

• 

Q2SH 

Input Offset Current 

•lO 

4 

- 

3 

14 

- 


DEI 

_ 

g 

nrwi 

usm 

Input Bias Current 

■lB 

5a ,b 

- 

g 

70 

- 

^21 

IS#} 1 

- 


E»1S1 

nA 

Peak Output Current 

>OM 

6a, b 


ESI 


15 

mm 


150 

240 

- 

jUA 

Peak Output Voltage: 
Positive 


7 



_ 

12 


_ 

12 

13.6 

_ 

V 

Negative 

V OM* 

12 

EH 

- 

12 


- 

12 

14.7 

- 

Amplifier Supply 

Current (each amplifier) 

•a 

8a ,b 

_ 

■ 


_ 



_ 

850 

1200 

IJ A 

Power Consumption 
(each amplifier) 

P 

_ 

_ 



_ 

Bf 


_ 

26 

36 

mW 

Input Offset-Voltage 
Sensitivity* 1 

Positive 

AV| 0 /Av + 


■ 



■ 

H 



2 

150 

/XV/V 

Negative 

AV| 0 /AV' 

- 

W 


- 

O 


- 

30 

150 

Amplifier Bias Voltage* 


9 

- 

usi 

- 

- 

EH 


- 

0.66 

- 

V 

DYNAMIC CHARACTERISTICS (at 1 kHz unless specified otherwise) | 

Forward Transconductance 
(large signal) 

921 

10a,b 

0.3 

1.55 

_ 

3 

18 

_ 

30 

102 

_ 

mmho 

Common-Mode Rejection 
Ratio 

CMRR 

_ 

70 

no 

_ 

70 

110 

_ 

70 

90 

_ 

dB 

Common-Mode Input 
Voltage Range 

V ICR 

- 

+ 12 to -12 min. 

+ 13 to -14 typ. 

+ 1 2 to -1 2 min. 

+ 1 3 to -14 typ. 

+ 12 to -12 min. 

+ 13 to -14 typ. 

V 

Slew Rate (Test ckt., 

Fig. 13 ) 

SR 

_ 

_ 

0.1 

_ 

- 

1 


_ 

8 

- 

V/jUs 

Open-Loop (g2l ) 

Bandwidth 

BW 0l 

1 1 

_ 

20 

_ 

_ 

45 


_ 

110 

_ 

kHz 

Input Impedance 
Components: 

Resistance 

R| 

12 

800 

1600 


90 

170 


10 

20 


k^ 

Capacitance at 1 MHz 

C| 


- 

2.7 

- 

- 

2.7 


- 

2.7 

- 

PF 

Output Impedance 
Components: 

Resistance 

Ro 

14 


200 



20 



2 


m£2 

Capacitance at 1 MHz 

c 0 

- 

- 

4.5 

~ 

- 

4.5 

- 

- 

4.5 

- 

PF 

| ZENER BIAS REGULATOR CHARACTERISTICS (at T A = 25<>C, I 2 = 0.1 mA) j 

Voltage 

v z 

15 

Temp. Coeff. = 3 mV/°C 

MIN. 

TYP. 

MAX. 


6.2 

6.7 

7.9 

V 

Impedance 

Zz 

- 



200 

300 

n 


* Temperature-Coefficient; -2.2 mV/°C (at V AB c = 0-54 'ABC = 
1 £IA; -2.1 mV/°C (at V ABC = 0.060 V. I ABC = 10 jUA); -1.9 
mV/°C (at V ABC = 0.66 V, l ABC = 100 HA) 

■ Conditions for Input Offset Voltage and Supply Sensitivity: 

(a) Bias current derived from the regulator with an appropriate 
resistor connected from terminal No. 1 to the bias terminal on 
the amplifier under test — 


V + is reduced to 13 volts for V + sensitivity 
V is reduced to -13 volts for V“ sensitivity 

Voffset - Voffset for +13 V and -15 V suppl 


(b) V + sensitivity in jLlV/V = 


1 volt 


Voffset - Voffset for —13 V and +15 V suppl 

V sensitivity in UV/V = — 

1 vo t 
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AMBIENT TEMPERATURE (T a )—°C f 


Fig.6a—Peak output current vs. ampli- 
fier bias current 


Fig.6b—Peak output current vs. ambient 
temperature. 


cna 

Vqm + (TYPICAL)I±I5V supply 


Vom+(MINIMUM)| 6V SUPPLY]— V 0M+ ‘TYPICADgeV SUPPLY 
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1 1 0,000 8 1 AMBIENT TEMPERATURE (T A )* 25°C 
6 SUPPLY VOLTAGE V + =6V. V“ = -6V 




2 4 6 8 I 2 4 6 


AMPLIFIER BIAS CURRENT (I AB c>— 


Fig. 7— Peak output voltage vs. amplifier 
bias current. 


Fig.8a— Amplifier supply current (each 
amplifier) vs. amplifier bias cur- 
rent. 
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-75 - 50 - 25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T») — *C 

A 92CS-I9606 

Fig.8b— Amplifier supply current (each 
amplifier ) vs. ambient tempera- 
ture. 


AMPLIFIER BIAS CURRENT (I ABC )—^A 

92CS-I96I7 

Fig. 9— Amplifier bias voltage vs. ampli- 
fier bias current. 
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Fig. 10a— Forward transconductance vs. 
amplifier bias current. 


Fig. 10b— Forward transconductance vs. 
ambient temperature. 
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Fig.11 —Forward transconductance vs. 
frequency. 


Fig. 12-Input resistance vs. amplifier bias 
current 
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V2 is measured between terminals 1 and 8. 


Vabc ' s measured between terminals 15 and 8. 


Rz = n y*>-(v-)-o.7i Radc = vz-vabc 

'2 'ABC 

Supply Voltage: for both ±6 V and ±15 V. 


TYPICAL SLEW RATE TEST CIRCUIT PARAMETERS 

'abc 

SLEW 

RATE 

»2 

r abc 

Rs 

Rf 

Rb 

Rc 

Cc 

PA 

V//JS 

PA 

ohms 

MF 

100 

8 

200 

62 k 

100k 

100k 

51k 

100 

0.02 

10 

1 

200 

620k 

1 M 

1 M 

510k 

Ik 

0.005 

1 

0.1 

2 

6.2M 

10M 

10M 

5.1 M 

00 

0 


Fig. 13— Slew rate test circuit for amplifier No. / of CA3060. 
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BIAS REGULATOR CURRENT (I z )/iA 


Fig. 14- Output resistance vs. amplifier bias current. 


Fig. 15— Bias regulator voltage vs. bias regulator current. 


OPERATING CONSIDERATIONS 


The CA3060 consists of three operational amplifiers similar 
in form and application to conventional operational ampli- 
fiers but sufficiently different from the standard operational 
amplifier (op-amp) to justify some explanation of their 
characteristics. The amplifiers incorporated in the CA3060 
are best described by the term Operational T ransconductance 
Amplifier (OTA). The characteristics of an ideal OTA are 
similar to those of an ideal op-amp except that the OTA has 
an extremely high output impedance. Because of this 
inherent characteristic the output signal is best defined in 
terms of current which is proportional to the difference 
between the voltages of the two input terminals. Thus, the 
transfer characteristic is best described in terms of transcon- 
ductance rather than voltage gain. Other than the difference 
given above, the characteristics tabulated on pages 3 and 4 of 
this data bulletin are similar to those of any typical op-amp. 

The OTA circuitry incorporated in the CA3060 (See Fig. 16) 
provides the equipment designer with a wider variety of 


circuit arrangements than does the standard op-amp; because 
as the curves in the data bulletin indicate, the user may select 
the optimum circuit conditions for a specific application 
simply by varying the bias conditions of each amplifier. If 
low power consumption, low bias, and low offset current, or 
high input impedance are primary design requirements, then 
low current operating conditions may be selected. On the 
other hand, if operation into a moderate load impedance is 
the primary consideration, then higher levels of bias may be 
used. 

Bias Considerations for Op-Amp Applications 

The operational transconductance amplifiers allow the circuit 
designer to select and control the operating conditions of the 
circuit merely by the adjustment of the input bias current 
*ABC- This enables the designer to have complete control 
over transconductance, peak output current and total power 
consumption independent of supply voltage. 
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Fig. 16 — Complete schematic diagram showing one of the three operational transconductance amplifiers. 


In addition, the high output impedance makes these 
amplifiers ideal for applications where current summing is 
involved. 

The design of a typical operational amplifier circuit (See Fig. 
17) would proceed as follows: 



Fig. 17-20-dB amplifier using the CA3060. 

Circuit Requirements 

Closed loop voltage gain = 10 (20 dB) 

Offset voltage adjustable to zero 
Current drain as low as possible 
Supply voltage = ±6 V 
Maximum input voltage = ±50 mV 
Input resistance = 20 k£2 
Load resistance = 20 k£2 
Device: CA3060 
Calculation 

1. Required transconductance g 2 l- 

Assume that the open loop gain Aql must be at least ten 
times the closed loop gain. Therefore, the forward 
transconductance required is given by 


921 = a OL / r L 
= 100/18 kH 
= 5.5 mmho 

(R^_ = 20 k£2 in parallel with 200 k£2 
s 18 k£2) 

2. Selection of suitable amplifier bias current. 

The amplifier bias current is selected from the minimum 
value curve of transconductance (Fig. 10a) to assure that 
the amplifier will provide sufficient gain. For the required 
g 2 i of 5.5 mmho an amplifier bias current I abc 0 * 20 pA 
is suitable. 

3. Determination of Output Swing Capability. 

For a loop gain of 10 the output swing is ±0.5 V and the 
peak load current 25 pA. However, the amplifier must 
also supply the necessary current through the feedback 
resistor and for Rg = 20 k£2 than Rp = 200 k£2 if Aql = 
10. Therefore, the feedback loading = 0.5/200 kft = 2.5 p A. 

The total amplifier current output requirements are, 
therefore, ±27.5 pA. Referring to the data given in Fig. 6a 
we see that for an amplifier bias current of 20 pA the 
amplifier output current is ±40 pA. This is obviously 
adequate and it is not necessary to change the amplifier 
bias current I^BC- 

4. Calculation of bias resistance. 

For minimum supply current drain the amplifier bias current 
*ABC shou,d be fad directly from the supplies and not 
from the bias regulator. The value of the resistor RabC 
may be directly calculated using Ohm's law. 


312 



File No. 537 


CA3060, CA3060A, CA3060B 


r abc 


V SUP • V ABC 

•abc 


r ABC = 


12-0.63 
20 x 10-6 


= 568.5 kft or s 560 kQ. 

5. Calculation of offset adjustment circuit. 

In order to reduce the loading effect of the offset 
adjustment circuit on the power supply, the offset control 
should be arranged to provide the necessary offset 
current. The source resistance of the non-inverting input is 
made equal to the source resistance of the inverting input. 

20 x 200 x 10® ohms „„ . ^ 
i.e. = 18 kH 


Because the maximum offset voltage is 5 mV and an 
additional increment due to the offset current (Fig. 4) 
flowing through the source resistance 

(i.e. 200 x 10'9 x 18 x 10^ volts ) # therefore, 
the Offset Voltage Range = 5 mV + 3.6 mV = ±8.6 mV 
The current necessary to provide this offset is 


8.6 x IQ' 3 
18x 10 3 


or 0.48 pA 


With a supply voltage of ±6 V, this current can be provided 
by a 10 M£2 resistor. However, the stability of such a resistor 
is often questionable and a more realistic value of 2.2 M&2 
was used in the final circuit. 

OTHER CONSIDERATIONS 


Capacitance Effects 

The CA3060 is designed to operate at such low power levels 
that high impedance circuits must be employed. In designing 
such circuits, particularly feedback amplifiers, stray circuit 
capacitance must always be considered because of its adverse 
effect on frequency response and stability. For example a 
10-kJ2 load with a stray capacitance of 15 pF has a time 
constant of 1 MHz. Fig. 18 illustrates how a 10-kft 15-pF 
load modifies the frequency characteristic. 



FREQUENCY (f ) — MHz 

92CS- I5884R I 

Fig. 18-Effect of capacitive loading on frequency response. 


Capacitive loading also has an effect on slew rate; because the 
peak output current is established by the amplifier bias 
current, I ABC ^ see R *9- 6a), the maximum slew rate is limited 
to the maximum rate at which the capacitance can be 
charged by the I OM* Therefore, 

SR=dV/dt = l 0M /C L 

where C|_ is the total load capacitance including strays. This 
relationship is shown graphically in Fig. 19. When measuring 
slew rate for this data bulletin, care was taken to keep the 
total capacitive loading to 13 pF. 

Phase Compensation 

In many applications phase compensation will not be 
required for the amplifiers of the CA3060. When needed, 
compensation may easily be accomplished by a simple RC 
network at the input of the amplifier as shown in Fig. 13. 
The values given in Fig. 13 provide stable operation for the 
critical unity gain condition, assuming that capacitive loading 
on the output is 13 pF or less. Input phase compensation is 
recommended in order to maintain the highest possible slew 
rate. 

In applications such as integrators, two OTAs may be 
cascaded to improve current gain. Compensation is best 
accomplished in this case with a shunt capacitor at the 
output of the first amplifier. The high gain following 
compensation assures a high slew rate. 

APPLICATIONS 

Having determined the operating points of the CA3060 
amplifiers, they can now function in the same manner as 
conventional op-amps, and thus, are well suited for most 
op-amp applications, including inverting and non-inverting 
amplifiers, integrators, differentiators, summing amplifiers 
etc. 

TRI-LEVEL COMPARATOR 

Tri-level comparator circuits are an ideal application for the 
CA3060 since it contains the requisite three amplifiers. A 
tri-level comparator has three adjustable limits. If either the 
upper or lower limit is exceeded, the appropriate output is 
activated until the input signal returns to a selected 
intermediate limit. Tri-level comparators are particularly 
suited to many industrial control applications. 
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Circuit Description 


Fig. 20 shows the block diagram of a tri-level comparator 
using the CA3060. Two of the three amplifiers are used to 
compare the input signal with the upper-limit and lower- 



V 9ZCS-I9609 

Fig. 20— Functional block diagram of a tri-level comparator. 

limit reference voltages. The third amplifier is used to 
compare the input signal with a selected value of inter- 
mediate-limit reference voltage. By appropriate selection or 
resistance ratios this intermediate-limit may be set to any 
voltage between the upper-limit and lower-limit values. The 
output of the upper-limit and lower-limit comparator sets the 
corresponding upper or lower-limit flip-flop. The activated 
flip-flop retains its state until the third comparator (inter- 
mediate-limit) in the CA3060 initiates a reset function, 
thereby indicating that the signal voltage has returned to the 
intermediate-limit selected. The flip-flops employ two 
CA3086 transistor-array IC's, with circuitry to provide 
separate "SET" and "POSITIVE OUTPUT" terminals. 


The circuit diagram of a tri-level comparator appears in Fig. 
21. Power is provided for the CA3060 via terminals 3 and 8 
by ±6-volt supplies and the built-in regulator provides 
amplifier-bias-current Oabc) t0 the three amplifiers via 
terminal 1. Lower-limit and upper-limit reference voltages are 
selected by appropriate adjustment of potentiometers R1 
and R2, respectively. When resistors R3 and R4 are equal in 
value (as shown), the intermediate-limit reference voltage is 
automatically established at a value midway between the 
lower-limit and upper-limit values. Appropriate variation of 
resistors R3 and R4 permits selection of other values of 
intermediate-limit voltages. Input signal (Eg) is applied to the 
three comparators via terminals 5, 12, and 14. The "SET" 
output lines trigger the appropriate flip-flop whenever the 
input signal reaches a limit value. When the input signal 
returns to an intermediate-value, the common flip-flop 
"RESET" line is energized. The loads in the circuits, shown 
in Fig. 21 are 5-V, 25-mA lamps. 

Active Filters — Using the CA3060 as a Gyrator 

The high output impedance of the OTAs makes the CA3060 
ideally suited for use as a gyrator in active filter applications. 
Fig. 22 shows two OTAs of the CA3060 connected as a 
gyrator in an active filter circuit. The OTAs in this circuit can 
make a 3-/iF capacitor function as a floating 10-kilohenry 
inductor across Terminals A and B. The measured Q of 13 (at 
a frequency of 1 Hz) of this inductor compares favorably 
with a calculated Q of 16. The 20-kilohm to 2-megohm 
attenuators in this circuit extend the dynamic range of the 
OTA by a factor of 100. The 100-kilohm potentiometer, 
across V+ and V", tunes the inductor by varying the g2i of 
the OTAs, thereby changing the gyration resistance. 
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92CS-I506IRI 

Fig. 22— Two operational transconductance amplifiers of the 
CA3060 connected as a gyrator in an active filter 
circuit. 


current (IabC^ terminal of each amplifier should be 
decreased to maintain 100 pA of strobe-"ON" current at 
this lower supply voltage. Second, the drain resistance for the 
MOS/FET should be decreased to maintain the same value of 
source current. The low cost dual-gate protected MOS/FET, 
RCA-40841, may be used when operating at the low supply 
voltage. 

The phase compensation network consists of a single 39012 
resistor and a 1000-pF capacitor, located at the interface of 
the CA3060 output and the MOS/FET gate. The bandwidth 
of the system is 1.5 MHz and the slew rate is 0.3 volts/psec. 
The system slew rate is directly proportional to the value of 
the phase compensation capacitor. Thus, with higher gain 
settings where lower values of phase compensation capacitors 
are possible, the slew rate is proportionally increased. 

NON LINEAR APPLICATIONS 
AM Modulator (Two-Quadrant Multiplier) 

Fig. 24 shows Amplifier No. 3 of the CA3060 used in an AM 
modulator or 2-quadrant multiplier circuit. When modulation 
is applied to the amplifier bias input, Terminal B, and the 
carrier frequency to the differential input. Terminal A, the 
waveform, shown in Fig. 24, is obtained. Fig. 24 is a result of 
adjusting the input offset control to balance the circuit so 
that no modulation can occur at the output without a carrier 
input. The linearity of the modulator is indicated by the 



STROBE 

RESISTANCE VALUES ARE IN OHMS 

92CS-I96I0 

Fig. 23— Three-channel multiplexer. 

THREE CHANNEL MULTIPLEXER 

Fig. 23 shows a schematic of a three channel multiplexer 
using a single CA3060 and a 3N138 MOS/FET as a buffer 


solid trace of the superimposed modulating frequency. The 
maximum depth of modulation is determined by the ratio of 
the peak input modulating voltage to V.T 
The two-quadrant multiplier characteristic of this modulator 
is easily seen if modulation and carrier are reversed as shown 
in Fig. 24. The polarity of the output must follow that of the 
differential input; therefore, the output is positive only 
during, the positive half cycle of the modulation and negativo 
only in the second half cycle. Note, that both the input and 
output signals are referenced to ground. The output signal is 
zero when either the differential input or I ABC are zero - 



and power amplifier. 

When the CA3060 is connected as a high-input impedance 
voltage follower, and strobe "ON," each amplifier is 
activated and the output swings to the level of the input of 
that amplifier. The cascade arrangement of each CA3060 
amplifier with the MOS/FET provides an open loop voltage 
gain in excess of 100 dB, thus assuring excellent accuracy in 
the voltage follower mode with 100% feedback. 

Operation at ±6 volts is also possible with several minor 
changes. First, the resistance in series with amplifier bias 



Fig. 24— Two-quadrant multiplier circuit using the CA3060 
with associated waveforms. 
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CA3060, CA3060A, CA3060B 

Four-Quadrant Multiplier 

The CA3060 is also useful as a four-quadrant multiplier. A 
block diagram of such a multiplier, utilizing Amplifier Nos. 
1, 2, and 3, is shown in Fig. 25 and a typical circuit is shown 
in Fig. 26. The multiplier consists of a single CA3060 and, as 
in the two-quadrant multiplier, exhibits no level shift 
between input and output. In Fig. 25, Amplifier No. 1 is 
connected as an inverting amplifier for the X-input signal. 
The output current of Amplifier No. 1 is calculated as 
follows: 

l 0 (D = [V X ] 1921(1)1 (Eq.3) 

Ampl. No. 2 is a non-inverting amplifier so that 

l 0 (2) = [+V X ] [g 2 1 (2)1 (Eq.4) 

Because the amplifier output impedances are high, the load 
current is the sum of the two output currents, for an output 
voltage 

Vo = V x Rl[ 921(2) 921(1)1 (Eq. 5) 

The transconductance is approximately proportional to the 
amplifier bias current; therefore, by varying the bias current 
the g 2 i is also controlled. Amplifier No. 2 bias current is 
proportional to the Y-input signal and is expressed as 
(V-) + V Y 

•aBC( 2) % < Ec l- 6 ) 

Hence, 

921 (2)*k[(V-) + V Y l. (Eq. 7) 

Bias for Amplifier No. 1 is derived from the output of 
Amplifier No. 3 which is connected as a unity-gain inverting 
amplifier. IabC( 1)» therefore, varies inversely with V Y . 
And by the same reasoning as above 

g 2 l(1)~k [|V-)-V Y ]. (Eq. 8) 

Combining equation 5, 7, and 8 yields: 

V 0 «V X • k • R L |t(V ) + V Y 1 - [(V-) - Vy] j or 
V 0 ~2kR L V x Vy 

Fig. 26 shows the actual circuit including all the adjustments 
associated with differential input and an adjustment for 
equalizing the gains of Amplifiers No. 1 and No. 2. 
Adjustment of the circuit is quite simple. With both the X 
and Y voltages at zero, connect Terminal 10 to Terminal 8. 
This procedure disables Amplifier No. 2 and permits 
adjusting the offset voltage of Amplifier No. 1 to zero, by 
means of the 100-k£2 potentiometer. Next, remove the short 
between Terminals 10 and 8 and connect Terminal 15 to 
Terminal 8. This step disables Amplifier No. 1 and permits 
Amplifier No. 2 to be zeroed with the other potentiometer. 
With AC signals on both the X and Y input, R3 and R11 are 
adjusted for symmetrical output signals. Fig. 27 shows the 
output waveform with the multiplier adjusted. The voltage 
waveform in Fig. 27a shows suppressed carrier modulation of 
l-kHz carrier with a triangular wave. 


File No. 537 



Fig. 25— Four-quadrant multiplier using the CA3060. 

Figures 27b and 27c, respectively, show the squaring of a 
triangular wave and a sine wave. Notice that in both cases the 
outputs are always positive and return to zero after each 
cycle. 




Fig.27— Voltage waveforms of four-quadrant multiplier 
circuit. 


316 



File No. 421 


roGBZTD Linear Integrated Circuits 

Solid State Monolithic Silicon 

Division 

CA3062 



Photo Detector and 

Power Amplifier 

For Photoelectric Control Applications 

Features 

• 100 mA output-current capability — can drive a relay or thyristor directly 

• 5 to 15 volt dc supply voltage 

• Compact — complete system in a TO-5 style package 


The CA3062* is an integrated circuit consisting of a 
photosensitive section, an amplifier, and a pair of high- 
current output transistors on a single monolithic chip. 

The photosensitive section consists of Darlington pairs and 
affords high sensitivity. The power amplifier has a differ- 
ential configuration which provides complementing outputs 
in response to a light input — normally “ON" and normally 
"OFF". The separate photodetector, amplifier, and high- 
current switch provide flexibility of circuit arrangement. This 
feature plus the high current capability of the output section, 
can now provide the user with a complete system particularly 
useful in photoelectric control applications utilizing IR emit- 
ters and visible-light sources. 


'Formerly developmental type TA5371 B. 


Applications 

© Counters © Intrusion alarms 

• Sorting © Position sensor 

• Level controls © Edge monitoring 

• Inspection • Isolators 

© See ICAN-6538, "Applications of the RCA-CA3062 1C 
Photodetector and Power Amplifier in Switching Circuits" 



Fig. 1 - Light operated relay using CA3062. 


3-70 
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ABSOLUTE-MAXIMUM RATINGS 
DISSIPATION: 

Up to T a = 55°C 

Above T a =55°C 

At Case Temperature (Tq)< 55°C 

Abpve T c = 55° C 

TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During soldering): 
At distanced 1/32 in (3.17 mm) from 
seating plane for 10 s max 


700 mW 

Derate linearly 5.6 mW/°C 

*1.5 W 

Derate linearly 16 mW/°C 

-55° C to +125°C 

-65° C to +150°C 


.+300°C 


Maximum Voltage Ratings 

The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the voltage Maximum Current Ratings 
range between vertical terminal 2 and horizontal terminal 3 is +15 to 0 volts. 


TERM- 

INAL 

No. 

! in 

mA 

! OUT 

mA 


1 

0.1 

B 

B 


D 



12 

B 

KB 

b 

B 

EB 

n 

on 

0.1 

n 

a 

100 

a 

10 

9 

n 

B 

QJj 

B 


Q 

B 

1 

0.1 

8 

1 

10 


TERM- 

INAL 

No. 

10 

11 

12 

1 

2 

3 

4 

5 

6 

7 

8 

B 

B 

H 

* 

* 

* 

* 

* 

* 

* 

* 

■ 

BB 




* 

* 

* 

* 

* 

* 

* 

H 

11 



■ 

* 

* 

* 

* 

* 

* 

* 

■ 

12 




* 

- 

* 

* 

* 

* 

* 

9 

1 





* 

* 

* 

* 

* 


H 







+15 

0 

* 

* 

* 


H 








* 

* 

* 

* 

■ 

B 








* 

* 

* 

H 

B 









0 

-15 

* 


6 










* 

+15 

0 

B 











+3 

-3 

1 

Reference Substrate and Case 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the- specified limits between all other terminals are not 
exceeded. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

MEASURE- 

MENT 

TERMINAL 

Nos. 

TEST 

CIR- 

CUIT 

LIMITS 

UNITS 

FIG. 

MIN. | TYP. | MAX 


| STATIC CHARACTERISTICS j 

Photo Darlington Section: 

Col lector-to- Em itter 
Breakdown Voltage 

V 

(BR)CEO 

E = 0 lumens/ft 2 

Iq = 1 mA 

10-11 

- 

10 

- 

- 

V 

Emitter-to-Base 

Breakdown Voltage 

v 

V (BR)EBO 

l E = 0.1 mA, E = 0 

9-11 

12-11 

- 

10 

- 

- 

V 

Dark Current 

’dark 

V CE = 7.5 V, E = 0 

10 

3 

- 

0.1 

30 

mA 

Photo Current 

'p 

V CE = 7.5 V 

E = 8 lumens/ft^ 

10 

- 

60 

- 

pA 

Wavelength of 

Max. Sensitivity 

X max. 



- 

725 

- 

Note 2 

nm 

Relative Angular Sensitivity 




- 

- 

- 

- 

- 

Area of Each 

Photo Transistor 




- 

1.3 x 10'4 cm 2 


Amplifier Section 

Output Transistor: 
Collector-to-Emitter 
Breakdown Voltage 

V (BR)CEO 6 
V (BR)CEO 7 

. 

I c = 1 mA 

2-3 

6-5 

_ 

15 

_ 

_ 

V 

Emitter-to-Base 

Breakdown Voltage 

V (BR)EBO 6 
V (BR)EBO 7 

l E = 1 mA 

3-8 

6-8 

- 

5 

- 

- 

V 

DC Supply Current 

’supply 

V 4 = 7.5 V 

4 

- 

- 

5.5 

10 

mA 

Sensitivity: 

Illumination. 

ForNormal"OFF”Output 

e on 

Set light input for 
lg = 70 mA 

6 

7. 15, 

17 

- 

8 

70 

Notes 

1, 3 

lumens 
per ft 2 

For Normal "ON” Output 

^OFF 

Set light input for 
>2 = 5 mA 

2 

- 

10 

- 

DYNAMIC CHARACTERISTICS j 

Overall Response Time: 
Turn-On Time 

*on 

E = 700 pW/cm 2 
at X = 930 nm 

— 

12 

_ 

38 

_ 

ps 

Rise Time 

V 

- 

125 

- 

ps 

Turn-Off Time 

*off 

- 

43 

_ 

ps 

Fall Time 

tf 

- 

20 

- 

ps 


NOTES 


(1) Tungsten filament light source at a color temperature of 2854K. 

(2) One (1) nanometer = 10 Angstrom units. 

(3) A radiant flux density of 7.5 MW/cm 2 at 725 nm produces the 
same photocurrent as 1 lumen/ft 2 from a tungsten filament 
lamp at a color temperature of 2854K. 
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Fig. 2 - Schematic diagram of CA3062. 


+7.5 V 



92CS-I558IRI 


Fig. 3 - Test circuit for photocurrent and typical spectral 
response of photosensitive Darlington unit 



ILLUMINATION- LUMENS PER SQUARE FOOT (COLOR TEMPERATURE*2854K) 



10 30 100 1000 8000 

IRRADIANCE (RADIANT FLUX DENSITY) ATX = 725nm- M W/cm 2 


92CS-I5587RI 


Fig. 4 - Photocurrent as a function of radiant flux. 



WAVELENGTH (X) — NANOMETERS 


92CS-I5605 


Fig. 5 - Typical spectra! response of photosensitive Darling- 


ton unit. 
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ANGLE FROM PERPENOICULAR — DEGREES 



92CS-I6044 

Fig . 6 - Relative angular sensitivity. 


AMBIENT TEMPERATURE (T A )*25*C I 
100- OHM LOAD RESISTOR CONNECTED 

TO LEAD No. 2 j ] 






100 

</> 

a: 

DC SUPPLY VOLT' 
1 1 1 

(+V}*9 





£ 80 

2 

< 

-1 

7.5^N 
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H 
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<E 
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1 

L 
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2 
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6 
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ILLUMINATION - LUMENS PER SQUARE FOOT (COLOR TEMPERATURE*2854K) 



K) 30 100 800 

IRRADIANCE (RADIANT FLUX DENSITY) AT X-725 nm— /*W/cm 2 


92CS — I5588RI 


Fig. 8 - Load current (1 2 ) vs. illumination as a function of 
supply volts. 



U.I I IU II 

ILLUMINATION- LUMENS PER SQUARE FOOT (COLOR TEMPERATURE»2854K) 



I 10 30 100 800 

IRRADIANCE (RADIANT FLUX DENSITY) AT X ■ 725nm — M W/cm * 


92CS-I5579R I 

Fig. 10 - Load current (I 2 ) vs. illumination as a function of 
case temperature. 



92CS-I5577RI 


Fig. 7 - Test circuit for sensitivity and dc current measure- 
ment. 


AMBIENT TEMPERATURE (T A ) «25*C 1 
100- OHM LOAD RESISTOR CONNECTED 

TO LEAD No. 6 | | , | 
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CO 

tr ^ 





DC SUPPLY VOLTS 
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k 
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ILLUMINATION- LUMENS PER SQUARE FOOT (COLOR TEMPERATURE*2854K) 



10 30 100 BOO 

IRRADIANCE (RADIANT FLUX DENSITY) AT X-725 nm — ^W/cm 1 

92CS-I3386RI 


Fig. 9 • Load current (!q) vs. illumination as a function of 
supply volts. 




10 30 100 800 

IRRADIANCE (RADIANT FLUX DENSITY) AT X«725 nm — jiW/cm* 


92CS-I3585RI 

Fig. 1 1 • Load current (Iq) vs. illumination as a function of 
case temperature. 
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92CS-I5575RI 92CS-I5576RI 


Fig. 12 - Response time test circuit. Fig. 13 - Waveforms for measurement of response time. 



DC SUPPLY VOLTS (+V) = + 7.5 
AMBIENT TEMPERATURE (Ta) = 

25°C 
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92CS- 16049 


Fig. 14 - Response time as a function of radiant flux density. 


♦7.5 V 



92CS-I5582RI 


Fig. 15 - Circuit diagram for "ON-OFF" photoelectric 
con trol applica tions. 
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OPERATING CONSIDERATIONS 
Switching Service 

The CA3062 is primarily intended to provide "ON-OFF" 
output in response to a light signal. Optimum performance of 
this device is achieved when the output transistors are 
operated at values of load current sufficient to saturate the 
device in the "ON" state. Operation of the CA3062 at values 
of load current between the condition of no load current and 
saturation will cause substantial power to be dissipated in the 
silicon chip. This condition of operation is therefore not 
recommended because the heat rise in the silicon chip 
induced by the increased power dissipation causes the load 
current to shift in the same direction as though additional 
illumination were applied to the CA3062, a condition which 
will substantially alter the switching characteristics of the 
device. 

The signal voltages at the input terminals (terminal No. 1 and 
No. 7) must not exceed 3 volts, because any increase in the 
signal voltage beyond the value specified will cause both 
output transistors to be turned "ON". In the circuit shown in 
Fig. 7, this condition will occur, for values of illumination 
greater than 60 lumens/ft ^.This adverse operating condition 
can be avoided by either limiting the maximum illumination 
or by clamping the input so that the voltage does not exceed 
3 volts. 

Linear Service 

The CA3062 can be connected as shown in Fig. 16 to give a 
linear output. The value of the load resistor should be greater 


475 V 



Fig. 16 - Circuit diagram for linear output photoelectric 
applications. 


than 1000 ohms in order to limit the power dissipation and 
thus minimize the heating effects. Because of the many 
possible variations in circuit configurations, the CA3062 has 
not been characterized for linear service applications. A 
guide-line circuit for this class of service is shown in Fig. 16. 


Specific inquiries for use of the CA3062 in this type of 
service should be addressed to your local RCA Field 
Technical Representative. 

Precautions 

Because of the high amplification of the CA3062, care 
should be taken, when wiring, to keep all lead lengths as 
short as possible. A recommended breadboard layout is 
shown in Fig. 17. 

If the CA3062 is operated with an inductive load impedance, 
such as a relay, it is recommended that a diode be connected 
across the load to absorb the energy of the pulse voltages 
generated during switching. 

Many of the graphs are shown with two sets of abscissa 
values for light energy input, one expressed in illumination 
values (lumens/sq. ft.) and the other in irradiance values 
(juW/sq. cm.) 

Correlation between these two sets of abscissa values is 
accomplished by having the light source operating at the 
maximum sensitivity wavelength of the CA3062. See Notes 
on page three. 



Fig. 17 - Breadboard layout of test circuit, shown in Fig. 7 
for the CA3062. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3064 

CA3064E 



TV Automatic Fine Tuning Circuit 

Features: 

■ Cascode type high-gain amplifier (18 mV input for rated output) 

■ Internal voltage regulator 

■ Differential detector 

■ For use with either color or monochrome 

■ Differential amplifier 
o Bipolar outputs 

■ Wide operating-temperature range; —55 to +125°C 


RCA-CA3064 and CA3064E represent the third generation of 
integrated circuits designed primarily for AFC (Automatic- 
Frequency-Control) applications. They provide all of the 
signal-processing components needed (with the exception of 
the tuned-phase-detector transformer) to derive the AFT cor- 
rection signals from the output of the video-if amplifier. The 
CA3064 is supplied in the 1 0-formed-lead TO-5 style pack- 
age, and the CA3064E in the 14-lead dual-in-line plastic 
package. Both types operate over the temperature range of 
-55 to +1 25°C. 


The CA3064 and CA3064E are functionally similar to the 
CA3044 and CA3044V1 but embody a higher-gain input 
amplifier which provides a 20<IB improvement in sensi- 
tivity. The increased sensitivity extends the application of 
a proven AFT system to the low-level if-amplifier stages 
in TV receivers. 

Because the CA3064 and CA3064E are functionally similar to 
the CA3044 and CA3044V1, refer to Application Note 
I CAN-5831, "Application of the RCA CA3044 and CA3044V1 
Integrated Circuits in Automatic Fine-Tuning Systems" for 
general application information. 



Fig. 1 — Block diagram of typical operating circuit utilizing the CA3064 and CA3064E. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


DEVICE DISSIPATION: 

Up to T A = 25°C 700 mW 

Above T a = 25°C derate linearly 5.6 mW/°C 


AMBIENT TEMPERATURE RANGE: 

Operating —55 to +1 25°C 

Storage —65 to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1 /1 6" ± 1 /32" 

(1 .59 mm ± 0.79 mm) 

from case for 1 0 s max 265°C 



(b) CA3064E 


Fig.2 — Terminal assignment diagrams. 


MAXIMUM VOLTAGE RATINGS at T A = 25°C 

The following chart gives the range of voltages which can be applied to the terminals listed 
vertically with respect to the terminals listed horizontally. For example, the voltage range 
between vertical terminal 2 (3) and horizontal terminal 6 (9) is +20 to 0 volts. Terminal 
nos. in parentheses are for the 14-lead dual-in-line plastic package. 



9(6,7, 

10,11. 

13) 



n 

3 

(4) 

4 

(5) 

B 

Q 


8 

(14) 

B 


NO INT 




10 

(i) 

■ 

■ 

+ 12 

0 

+10 

-10 

+ 12 

0 

+ 12 

0 

+12 

0 

+10 

0 

+20 

0 

■ 





* 

11 

* 

* 

B 

* 

1 

B 

■ 

■ 


■ 

B 

* 

* 


B 

+20 

0 

3 

(4) 

■ 

■ 


■ 

B 

* 

* 

B 

B 

+5 

-6 

4 

(5) 


■ 


■ 

B 


* 

B 

B 

+12 

0 

B 








* 

* 

+12 

0 

6 

(9) 









+5 

-2 

+2 

0 

7 

(12) 










+2 
- 10 

8 

(14) 







i 



REF.SUB- 

STRATE 

&CASE- 


MAXIMUM 
CURRENT RATINGS 


TERM- 

INAL 

No. 

>IN 

mA 

■out 

mA 

Hi 

. 

. 

10 

(i) 


B 

i 

(2) 

1 

0.1 

2 

(3) 

20 

20 

3 

(4) 

1 

. 0.1 

4 

(5) 

B 

B 

5 

(8) 

n 

n 

6 

(9) 

B 

B 

7 

(12) 

fl 

B 

8 

(14) 

| 50 

1 50 


A Terminal number 10 (1) may be connected to any positive voltage 
source greater than the internal zener regulating voltage through a 
suitable dropping resistor — provided the dissipation rating is not 
exceeded. 

■ This terminal should be connected to the most negative potential of 
the complete circuit. 


* Voltages are not normally applied between these terminals. Voltages 
appearing between these terminals will be safe if the specified limits 
between all other terminals are not exceeded. 

4 It is recommended that unused terminals 6,7,10,11, and 13 on the 
14-lead dual-in-line-plastic package and terminal 9 on the TO-5 
package be grounded to act as shields. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C, Unless Otherwise Specified 


CHARACTERISTICS 

SYMBOLS 

TEST 

CIRCUITS 

TEST 

CONDITIONS 

LIMITS 

CA3064, CA3064E 

UNITS 

CHARAC- 

TERISTIC 

CURVES 

FIG. 


FIG. 

STATIC CHARACTERISTICS j 

Device Dissipation 

PD 

4 

V+ = 

30V 

R S = 
1.5kfl 

Ta 


135 

150 

mW 

■ 

-25°C 

+25°C 

130 

140 

150 


+85°C 


145 

150 

- 

Current Drain at 10.5 Volts 

't 

4 

Vio(1)=10.5V 

4 

6.5 

9.5 

mA 


Zener Regulated Voltage - DC 

Supply Voltage at terminal 10(1)* 

Vl0(1) 

4 



10.9 

11.8 

12.8 

V 

* 

Quiescent Operating Current into 
Terminal 2(3) 

*2(3) 

4 

1 

2 

4 

mA 


Quiescent Operating Voltage at 
Terminal 4(5) 

v 4(5) 

* 

V+ = 30 V 

Rs = 1.5 kfi 

5 

6.9 

8 

V 

• 

Quiescent Operating Voltage at 
Terminal 5(8“) 

v 5(8) 

- 



5 

6.9 

8 

V 


Output Offset Voltage between 
Terminals 4 and 5(5 and 8) 

V4-5 

(5-8) 

- 

*1 

0 

1 

V 

- 

| DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER IN TO-5 STYLE PACKAGE) | 

Input Voltage Sensitivity 

Yi . 

sensitivity 

5 

V + = +30 V 

V| =18 mV 

Correction Voltage Output 
as shown in table below. 

Input Admittance 

m 




0.41 + jl.O 

* 

mmho 


Reverse Transfer Admittance 

*12 


f = 45.75 MHz 

V+ = 30 V 

- 

0+j3.4 


/i.mho 


Forward Transfer Admittance 

*21 


RS = 1.5 kO 

- 

24.5 -j29 

- - 



Output Admittance 

*22 




0.04 + j0.9 


| mmho 


| OUTPUT vs FREQUENCY DEVIATION - AFC | 

Correction-Control Voltage at 
Terminal 4(5) 

V 

corr. 

4(5) 


V+=+30 V 

V| = 18 mV RMS 
f 0 = MHz as 
indicated 

% of 
V 10 
(1) 


%of 

VlO 

(1) 



45.750 - 0.030 

0 


- 

V 

D 

45.750 + 0.030 

rn 


S3 

V 

45.750 - 0.900 

KB 


- 

V 

■ 

45.750 + 0.900 

P 


El 

mm 

45.750 - 1.500 

t: 


sa 

uz 

45.750 + 1.500 

Mi 



mm 

Correction-Control Voltage at 
Terminal 5(8) 

V 

corr. 

5(8) 

1 

45.750 - 0.030 



mm 

V 

O 

45.750 + 0.030 

S3 


■ 

V 

45.750 - 0.900 

rz 


■9 

n 

■ 

45.750 + 0.900 

m 



mm 

45.750 - 1.500 

Ml 

- 

- 

mm 

45.750 + 1.500 

\ • 

• 

m 

mm 


* Terminal numbers in parentheses are for 14-lead dual-in-line plastic package. 
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Fig. 3 — Schematic diagram for CA3064 and CA3064E. 


from the external transformer are biased through the tertiary 
winding connected to pin 6 (9), which must be bypassed. The 
balanced detector is a high-efficiency type consisting of 
Q7/C1 and Q13/C2, which are internally biased by matching 
transistors Q8 and Q12. The dc amplifier consists of the 
differential-amplifier Q9, Q10, Q11, and D4. 

The amplifier detector system provides the sharply defined 
pull-in characteristics shown in figures 5 and 6. The AGC 
amplifier Q6 senses the detected signals at the collector of 
A10 and adjusts the gain to compensate for signal changes 
such as airplane flutter conditions. Diodes D1, D2 f and D3 
provide the internal voltage regulation. 



Fig.4 — Test setup: Measurement of total device dissipation, zener regulating voltage „ 
quiescent operating current at terminal 2 (3). 


Circuit Description 

The CA3064 and CA3064E integrated circuits can be con- 
sidered as five functional blocks; an if amplifier-limiter, a 
balanced detector, a differential dc amplifier, an internally 
used AGC amplifier, and a zener voltage regulator. The 
45-MHz amplifier limiter combination consists of emitter- 
follower input stage Q2 followed by a cascode-type amplifier 
Q1, Q3. The emitter-follower input stage Q2 is internally 
biased, therefore, capacitor coupling must be provided to the 
input at pin 7 (12) . The external load is connected to pin 2 
(3) and should present a load impedance of about 1800 ohms 
at 45.75 MHz. The detector inputs at pins 1 (2) and 3 (4) 


I 2(3)- 
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CONTROL VOLTAGE OUTPUT 

ALL RESISTORS ARE 17. TOLERANCE ANO ARE IN OHMS. 
TERMINAL NUMBERS IN PARENTHESES ARE FOR 14 -LEAD 
DUAL-IN-LINE PLASTIC PACKAGE 

92CS-I58I3RI 


COIL DATA FOR DISCRIMINATOR WINDINGS 

Li — Discriminator Primary: 3-1/6 turns; #20 Enamel-cov- 
ered wire — close-wound, at bottom of coil form. Inductance 
of Li = 0.1 65 fiH; Q 0 = 1 20 at f 0 = 45.75 MHz. 

Start winding at terminal #6; finish at Terminal #1 . See Notes 
below. 

L2 — Tertiary Windings: 2-1/6 turns; #20 Enamel-covered 
wire — close wound over bottom end of Li. Start winding at 
Terminal #3; finish at Terminal #4. See Notes below. 

L3 — Discriminator Secondary: 3-1/2 turns; center-tapped, 
space wound at bottom of coil form. 

Inductance of L3 = 0.180 /iH; Q 0 = 150 at f Q = 45.75 MHz. 
Start winding at Terminal #2; finish at Terminal #5; connect 
center tap to Terminal #7. See Notes below. 

Notes: 1. Coil Forms; Cylindrical; —0.30" Dia. max. 

2. Tuning Core: 0.250" Dia. x 0.37" Length. 

: Material: Carbinal J or equivalent 

3. Coil Form Base: See drawing below. 

4. End of coil nearest terminal board to be designated 
the winding start end. 


L] IS ALIGNED FOR SYMMETRICAL BANDWIDTH ON 
EITHER SIDE OF 45.750 MHi 


1-2 

>-3 


TERTIARY WINDING WOUND ON L, COIL FORM 
IS ALIGNED FOR ZERO DIFFERENTIAL OUTPUT 
BETWEEN TERMINALS 4 AND S AT f 0 » 45.750 MHz 


* FOR COIL CONSTRUCTION DATA, SEE FIG.4(b). 


| REFERENCE VOLTAGE PERCENTAGES 1 

Ref. A 

85% of V, o(i) 

Ref. B 

25% of V t o(i) 

Ref. C 

80% of Vi o(i) 

Ref. D 

35% of Vi o(i) 


Coil RCA Distributor Part No. 

(Li,L 2 ) .... 122213 

L 3 122 203 


Fig.5 (a) — Correction voltage test circuit for CA3064 and CA3064E. 


I* 0.58* 



92CS- 15814 


Fig.5 ( b ) Coil form base terminal diagram. 


The CA3064 and CA3064E are specifically intended for use in 
the AFT system of color television receivers. These devices are 
tested so that the control voltages generated by the circuit meet 
the critical requirements of the system. Figure 5 (a) is the 
schematic diagram of the test circuit. 

Figures 5, 6, and 7 show the control voltages generated at 
terminals 4(5) and 5(8) of the Integrated Circuit as a function 
of the frequency deviation from the nominal center frequency. 
Figure 6 shows the region within 30 kHz of the center fre- 
quency while Figure 7 covers the entire bandwidth of the sys- 
tem. The horizontal reference lines on the figures are 
generated by a voltage divider connected between the power 


supply voltage on terminal 10(1) and ground. The dynamic 
control voltages are compared with these references accord- 
ing to the Output vs Frequency Deviation Table. For ex- 
ample: when the frequency deviation is —30 kHz the control 
voltage at terminal 4(5) is greater than the reference A volt- 
age; the control voltage at terminal 5(8) is less than the 
reference B voltage. 

The shape of the correction voltage characteristics is depen- 
dent to a large degree upon transformer characteristics and 
the parts layout. In order to closely duplicate the curves 
shown, the printed circuit boards shown in Figures 8 and 10 
and the parts layouts shown in Figures 9 and 1 1 should be 
followed as closely as possible. 
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INPUT FREQUENCY DEVIATION — MHz 


Fig. 6 — Typical narrow-band dynamic control voltage characteristics. 



92CS-I38IIRI 

Fig. 7 — Typical wide-band dynamic control voltage characteristics. 



Fig.8 — Typical application of CA3064 and CA3064E AFT 1C. 
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The RCA CA3065 Television Sound System is a 
monolithic integrated circuit which combines a multi- 
stage IF amplifier limiter, an FM detector, an electronic 
attenuator, a zener diode regulated power supply, and 
an audio amplifier-driver that is designed to directly 
drive an npn power transistor or high-transconductance 
tube. Because the circuit is so inclusive, a minimum 
number of external components is required. A block 
diagram of the integrated circuit television sound sys- 
tem is shown in Fig. 1. 

The CA3065 with its advanced circuit design pro- 
vides a high-performance multistage subsystem for the 
sound system of a television receiver. A particular fea- 
ture of the CA3065 is the electronic attenuator which 
performs the conventional volume control function. Vol- 
ume control is accomplished when the bias levels in the 
attenuator are changed by means of a variable resistor 
connected between Terminal 6 and ground (attenuation in 
excess of 60 dB is attained). Because no audio signal is 
present in this control, hum or noise pickup can be by- 
passed. In most cases, only a single unshielded wire is 
required between the IF board and the variable resistor 
(volume control). 

The CA3065 utilizes a 14-lead dual-in-line plastic 
package with leads specially formed to facilitate auto- 
matic insertion of the device into suitably punched printed- 
cirduit boards. 



For Television Sound- System Applications 


FEATURES: 

o Electronic attenuator- replaces conventional 
volume control 

o Differential peak detector - requires one single 
tuned coil 

o Internal Zener diode regulated supply 
o Inherent high stability 

o Excellent AM rejection -50 dB typ. at 4.5MHz 
o Low harmonic distortion 

o High sensitivity -200 /xV limiting (knee) at4.5MHz 
o Audio drive capability -6 mA p-p 
0 Undistorted audio output voltage - 7 V p-p 



Fig. J - Block diagram of 
CA3065 in a typical 
circuit application. 


11-73 
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MAXIMUM RATINGS, Absolute Maximum Values , at T A = 25° C 


Input Signal Voltage (between Terminals 1 and 2) . 

±3 

V 

Power Supply Current (Terminal 5) 

Power Dissipation: 

50 

mA 

Up to T a - 25° C 

850 

mW 

Above T a = 25°C 

Ambient Temperature Range: 

. Derate linearly 6.67 

mW/°C 

Operating 

. - 40 to + 85 

°C 

Storage 

- 65 to + 150 

°C 

Lead Temperature (During Soldering): 



At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max 

+265 

°c 


MAXIMUM VOLTAGE RATINGS at T A = 25° C 

The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the MAXIMUM 

voltage range of the vertical terminal 9 with respect to terminal 3 is 0 to +4 volts. CURRENT RATINGS 



Note 1: Terminal No. 5 may be connected to any positive 
voltage through a suitable resistor provided that 
the current and dissipation ratings of the CA3065 
are not exceeded. 

♦Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
specified limits between all other terminals are not exceeded. 
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ELECTRICAL CHARACTERISTICS at T A = 25° C, V CC = +140 V applied to Terminal 5 through 
R$ = 3.9 kQ, and DC Volume Control (R x ) = 0 unless otherwise indicated. 


CHARACTERISTIC 


Static Ch 


Zener Regulating Voltage 
Terminal No. 5 

Current into Terminal 5 


Total Device Dissipation 


Terminal Voltages: 


Dynamic Characteristics 


IF AMPLIFIER 


Input Limiting Voltage 
(at -3 dB point) 

AM Rejection 

Transconductance 
Magnitude 
Phase Angle 
Feedback Capacitance 


I nput Impedance Components: 
Parallel Input Resistance 


Parallel Input Capacitance 
Output Impedance Components: 
Parallel Output Resistance 
Parallel Output Capacitance 


DETECTOR 
Recovered AF Voltage 


Total Harmonic Distortion 


Output Resistance: 
Terminal 7 
Terminal 8 


ATTENUATOR 


Max. Attenuation 


AUDIO AMPLIFIER 


Voltage Gain 


Total Harmonic Distortion 


Undistorted Output Voltage 


Input Resistance 


Output Resistance 




f 0 = 4.5 MHz. f m = 400 Hz, 
Deviation = ±25 kHz, 

- 

Amplitude Modulation - 30% 
f = 4.5 MHz 

40 

f =4.5 MHz 


IF Input Terminals: 2,1 


IF Output Terminals: 9, 3 

- 

f -= 1 MHz; Terminals 2 and 9 

- 


Measured between 
Terminal Nos. 1 and 2 
f = 4.5 MHz 

Measured between 
Terminal No. 9 and gnd 
f =4.5 MHz 


f -- 4.5 MHz; Vj 100 mV 
Af = ±25 kHz 
fm = 400 Hz 




V| =0.1 V(rms),f = 400 Hz 
Vq = 2 V(rms), f = 400 Hz 
THD = 5%, f = 400 Hz 
f = 400 Hz 



*“Playthrough” voltage is the unwanted signal, measured at Terminal 8, when the volume control is set for minimum output. 
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Fig. 2- Schematic diagram of CA3065 


The resistance values included on the schematic diagram have been 
supplied as a convenience to assist Equipment Manufacturers in 
optimizing the selection of “outboard” components of equipment 
designs. The values shown may vary as much as ±30%. 



L| * 16 pH NOMINAL 

°( UNLOADED)* 65 T0 85 TERMINALS 11,12, 13,14 NO CONNECTION 

92CM-I58I5 


Fig. 3 -Input limiting voltage , AM rejection, re- 
covered audio, total harmonic distortion, maxi- 
mum attenuation, maximum “play-through” 
test circuit. 


RCA reserves the right to make any changes in the Resistance 
Values provided such changes do not adversely affect the published 
performance characteristics of the device. 


v cc 

140 v 



TERMINALS 7,8,11,13 NO CONNECTION 
ALL RESISTANCE VALUES ARE IN OHMS 


92CS -15816 

Fig. 4 -Audio voltage gain (undistorted output) 
test circuit. 
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(a) Test circuit 
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(a) Test circuit 


FREQUENCY - MHz 

( b ) Response curve 


Fig. 6 - Frequency response of af-amplifier section of CA3065 


OPERATING CONSIDERATIONS 


The CA3065 may be used to drive a video output 
transistor or a high-transconductance output tube. 

As in all TV receivers, precaution should be 
taken to prevent destruction of the CA3065 in the event 
of cascade arcs originating in the picture tube or in the 
output tube. In the case of arcing in the output tube a 
resistor of 150 k in series with terminal No. 12 and the 
grid of the tube is usually sufficient protection. 

To prevent damage from picture tube arcs, a careful 
analysis of board layout and coupling modes (electro- 
static or magnetic) may be necessary to suggest alter- 
nate layouts or appropriate locations for the placement 
of spark gaps to absorb the high energy discharge. 



Fig. 7 - Gain reduction vs. resistance 
(terminal 6 to gnd) 


92CS-I58I8 
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(a) Printed circuit board - bottom view* 


92SS-4438 


(b) Parts layout - top view* 


92SS-4439 



Fig. 8 - Recommended parts layout for TV receiver 
sound strip using CA3065. 

* A 200 mil square grid was used in the layout of passive components on the 
printed circuit board. The Quad-in-line formed leads conform to a standard 
grid spacing of 100 mil centers. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3066 

CA3067 



Television Chroma System 


The RCA CA3066 and CA3067 are monolithic silicon 
integrated circuits that constitute a complete chroma system 
for color television receivers. The CA3066 provides 
subcarrier regeneration and total chroma signal processing 
prior to demodulation; the CA3067 performs the 
demodulation and tint control functions. Each device utilizes 
a 16-lead quad-in-line plastic package. 


CA3066 

CHROMA SIGNAL PROCESSOR 

n Complete Color Sync Circuit 
o Blanked Chroma Amplifier 
■> Chroma Band-Pass Amplifier 
a Low Output Impedance Chroma Driver 

■ ACC Detector-Amplifier 
b Killer Detector-Amplifier 
b DC Chroma Gain Control 

b Zener Diode for Regulated Voltage Reference 

■ Short-Circuit Protection on All Terminals 


System Features 

CA3067 

CHROMA DEMODULATOR 

b Balanced Chroma Demodulators 
a Color Difference Matrix 
b DC Tint Control 

o Three Low Output Impedance Drivers for Direct Coupling 
b Reference Subcarrier Limiter 
b Zener Diode for Regulated Voltage Reference 
h Internal RF Filtering 


CONTROL 
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The CA3066 contains substantially all the color processing 
circuitry exclusive of the tint control and demodulating 
circuits. The chroma amplifier sections of the CA3066 
consist of the chroma and bandpass amplifiers. The chroma 
amplifier receives the chroma input signal at terminal No. 1. 
This amplifier is gain controlled by the automatic chroma 
control (ACC) detector-amplifier. The chroma signal is 
internally coupled from the output of the chroma amplifier 
to the input of the chroma bandpass amplifier and burst 
separator amplifier. The horizontal keying pulse (+8V) is 
used to gate the burst portion of the chroma signal from the 
input of the bandpass amplifier to the input of the burst 
separator amplifier. The bandpass amplifier is gain controlled 
by the dc chroma gain control and can also be controlled by 
the killer detector-amplifier. The bandpass amplifier output 
is internally coupled to the chroma output amplifier stage of 
the CA3066. The coils of the chroma amplifier and the 
bandpass amplifier are stagger-tuned to provide a combined 
typical bandpass of 3.08 to 4.08 MHz. The burst separator 
amplifier injects the burst signal into the 3.58 MHz oscillator. 
The oscillator amplitude is dependent on the terminal No. 9 
impedance to ground and is also responsive to the burst 
signal amplitude at terminal No. 11. The ACC detector and 
killer detector sense the burst level or absence of burst, 
respectively, by monitoring the oscillators response to the 
burst injection level. The thresholds for the ACC and killer 
are independently adjusted by resistors R2 and R1 at 
terminals No. 9 and No. 4, respectively. The chroma output 
is at terminal No. 14 and the oscillator output is at terminal 
No. 8. Terminal No. 6 is a zener diode for use as a regulated 
voltage reference at 11.9 volts. When the zener reference 
element is not used, the power supply voltage should be 
maintained at 1 1 .2 ± 0.5 volts. 


MAXIMUM RATINGS, Absolute-Maximum Values at 
Ta = 25° C 

Supply Voltages and Currents (see charts below) 

Device Dissipation: 

Up to Ta = 70°C 600 mW 

Above Ta = 70°C . . . . derate linearly 7.7 mW/°C 
Ambient Temperature Range: 

Operating —40 to +85 °C 

Storage -65 to +1 50 °C 

Lead Temperature (During soldering for 

10s max. at not less than 1/32" from package) . . . +265 °C 


Voltage with respect to 
Terminal No. 5. 


Terminal 

No. 

Vmin. 

(volts) 

Vmax. 

(volts) 

6 

See Note N1 | 

7 

- 

- 

8 

- 

- 

9 

— 

- 

10 

-5.0 

N2 

11 

0.0 

18.0 

12 

0.0 

12.0 

13 

0.0 

15.0 

14 

- 

- 

15 

0.0 

N2 

16 

0.0 

15.0 

1 

-5.0 

5.0 

2 

- 

- 

3 

_ 

- 

4 

- 

- 


Terminal 

No. 

l| 

mA 

•o 

mA 

6 

20 

0.1 

7 

5 

0.1 

8 

1 

2 

9 

0.1 

2 

10 

1 

0.1 

11 

10 

1 

12 

50 

1 

13 

10 

1 

14 

0.1 

6 

15 

3 

1 

16 

6 

1 

1 

1 

0.1 

2 

0.1 

2 

3 

0.1 

20 

4 

1 

1 


N1 Terminal No. 6 is connected to a zener reference 
element, that, if used, should be biased by a positive 
voltage through a resistor that limits the current to a 
value which is less than the maximum current rating of 
terminal No. 6. 

N2 The upper voltage limit cannot exceed the power 
supply input voltage at terminal 12. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C and V + = 1 1.2 V 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

TEST FIG. 

AND 

CURVES 

MIN. | TYP | MAX. 

Static Characteristics j 

Voltages: 

ACC Reference 

V 2 



0.5 


V 

4 

Burst-Chroma Ampl. Bias Current Term. 

V3 

- 

2.9 

- 

Killer Reference 

V 4 

- 

1.0 

- 

Zener Reg. Reference 

v 6 

10.6 

11.9 

12.6 

Oscillator Input 

V 7 

- 

1.4 

- 

Oscillator Output 

V8 

- 

2.35 

- 

Balance (ACC Control) 

v 9 

- 


- 

Chroma Output 

Vl4 

- 


- 

Currents: 

Total Supply 

15 


14 

24 

33 , 

mA 

Burst Separator Output 

'll 

Si Closed 

- 

6.5 


Band-Pass Ampl. Output 

'13 


- 

4.8 

- 

Chroma Ampl. Output 

h6 

- 

1.27 

- 

Dynamic Characteristics | 

Oscillator Output 

v 8 

vi = 0 v p .p 
vi = 1.25 vp.p 

0.8 

1.2 

2.5 

3.5 

V P-P 

6 

Chroma Output: 

100% 

V14 

vi = 1.25 Vp.p 

0.5 

1.0 

_ 

V P-P 

6,5 

Killed 

vi = 0.025 vp.p 


- 

12 

ACC Detector Output 

v 2 

vi = 1.25 Vp.p 

- 

0.9 

- 

V 

6 

Small-Signal Input Resistance (Term. No.1) 

n 


- 

50 

- 

kS2 


Small-Signal Input Capacitance (Term. No.1) 

Ci 


- 

2,4 

- 

pF 

Small-Signal Output Impedance (Term. No.14i 

r o 


~ 

250 

- 

n 
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CHROMA INPUT— PERCENT 


Fig. 5 - Typical ACC characteristic of chroma output us 
chroma input. 



Fig. 6 - Dynamic characteristics test circuit. 


DYNAMIC CHARACTERISTICS TEST PROCEDURE 


Steps 1, 2, and 3 are performed with no Chroma input 

(Vi = 0) 

1 . Adjust ACC potentiometer for V2 = +0.65V. 

2. Adjust Killer potentiometer for V4=+1.2V. 

3. Adjust capacitor C x (crystal trimmer) so that 
frequency of oscillator is 3.579545 MHz. 

4. Unless otherwise noted, the chroma gain control is at 
maximum gain (fully clockwise). 

5. The chroma input test signal is a 52.5 ps "line" at 
subcarrier frequency, and 10 cycles of burst at 46.5% 


of the "line" amplitude. The chroma input (v|) is in 
peak-to-peak volts of "line" amplitude. 

6. The chroma output (V14) is the same as the chroma 
input (vi) except that the burst is removed and keying 
overshoot occurs in the retrace period. The chroma 
output is in peak-to-peak volts of "line" amplitude. 

7. The oscillator output (vs) is the CW output at terminal 
No. 8 and is in peak-to-peak volts. Some modulation 
of oscillation dampening between burst injection is 
visible. 
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CA3067 Chroma Demodulator 



) G-Y OUTPUT 


92CM-I7046RI 


ALL RESISTANCE VALUES ARE IN OHMS 

UNLESS OTHERWISE INDICATED, ALL CAPACITANCE VALUES 
LESS THAN 1.0 ARE IN MICROFARADS 
1.0 OR GREATER ARE IN PICOFARADS 


Fig. 7 - Functional diagram of CA3067. 


The CA3067 contains the separate functional systems of a 
dc tint control and a demodulator. The phase shift of the tint 
amplifier system is accomplished by functional control of the 
fixed phase signal from the CA3066 oscillator output. This 
regenerated reference subcarrier is applied to terminal No. 3 
and driven differentially into phase shift circuits. The tint 
adjustment controls the vector addition of phase shifted 
signals after which a limiting amplifier removes any remain- 
ing amplitude modulation. The output of the tint amplifier 
at terminal No. 1 is phase separated for the required 
reference subcarrier phase at terminal No. 6 and No. 12 
(terminal No. 12 lags terminal No. 6 by approximately 76°). 
These terminals are inputs to the demodulator drive amp- 
lifiers. The demodulators consist of two sets of balanced 
detectors which receive their reference subcarrier from the 


demodulator drive amplifiers. The chroma signal input from 
the CA3066 is applied to terminal No. 14. The chroma signal 
differentially drives the demodulators. The demodulation 
components are matrixed and dc-shifted in voltage to give 
R-Y, G— Y, and B-Y color difference components with 
close dc balance and proper amplitude ratios. The output 
amplifiers of the CA3067 are specially designed to meet the 
low-impedance driving source requirements of the high-level 
color output amplifiers. A special feature of the CA3067 is 
R— C filtering of high frequency demodulation components. 
Terminal No. 4 is a zener diode for use as a regulated voltage 
reference at 11.9V. When the zener reference element is not 
used, the power supply should be maintained at +11.2 ±0.5 
volts. 
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MAXIMUM RATINGS, Absolute-Maximum Values at 
T A = 25° C 

Supply Voltages and Currents (see charts below) 

Device Dissipation: 

Up to Ta = 70°C 600 mW 

Above Ta = 70°C .... derate linearly 7.7 mW/°C 
Ambient Temperature Range: 

Operating —40 to +85 °C 

Storage —65 to +1 50 °C 

Lead Temperature (During soldering for 

10s max. at not less than 1/32" from package) . . . +265 °C 


N1 Terminal No. 4 is connected to a zener reference 
element, that, if used, should be biased by a positive 
voltage through a resistor that limits the current to a 
value which is less than the maximum current rating of 
terminal No. 4. 

N2 The upper voltage limit cannot exceed the power 
supply input voltage at terminal 13. 

N3 Terminal No. 16 should be bypassed for normal 
operation. 


Voltage with respect to 
Terminal No. 5 Current 


Terminal 

No. 

(mA) 

(mA) 

6 

3 

3 

7 

3 

3 

8 

20 

20 

9 

20 

20 

10 

20 

20 

11 

3 

3 

12 

3 

3 

13 

50 

1 

14 

1 

0.1 

15 

6 

2 

16 

N3 

N3 

1 

3 

3 

2 

3 

0.1 

3 

3 

3 

4 

20 

0.1 


Terminal 

No. 

Vmin. 

(volts) 

Vmax. 

(volts) 

6 

0 

N2 

7 

0 

N2 

8 

0 

N2 

9 

0 

N2 

10 

0 

N2 

11 

0 

N2 

12 

0 

N2 

13 

0 

12 

14 

-3 

N2 

15 

0 

N2 

16 

N3 

N3 

1 

0 

15 

2 

0 

N2 

3 

0 

5 

4 

m 



Fig. 8 - CA3067 schematic diagram. 
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ELECTRICAL CHARACTERISTICS atTA = 25°C and V + = 11.2 V 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 


H 

MIN. 

|typ. 

MAX. 

| Static Characteristics ] 

Voltages: 

Tint Control Input 

V 2 

l 2 = 0.25 mA 

_ 

3.5 

_ 


9 

Reference Subcarrier 

V3 


- 

2.1 

- 

Zener Regulator Ref. 

v 4 


10.6 

11.9 

12-6 

V 

B— V, R— V Oscillator Ref. Inputs 

Ve.V-,2 


- 

5.7 

- 

Balance (B-Y, R-Y) 

v 7 ,vn 


- 

5.0 

- 

B-Y, G-Y, R-Y Outputs 

V8, 9, 10 


4.2 

5.0 

5.8 

9 . 11, 12 

Difference Outputs* 

AVgAVg. 

AVio 


-0.3 

- 

0.3 

9 

Chroma Inputs 

v 14, Vt5 


- 

3.0 

- 

Tint Ampl. Balance 

Vl6 


• ~ 

4.7 

- 

Currents: 

Tint Ampl. Output (min.) 

1 1 (min.) 

V 16 = 8 V 

0.16 

0.37 

_ 

mA 


Total Supply 

h + h3 


15 

24 

33 

Dynamic Characteristics 

Tint Amplifier Output 

Sensitivity 

Vi 

V 3 = 7 mV (RMS) 

160 

250 

_ 

mV 

(RMS) 

10 

Limiting Knee 

V 3 = 35mV (RMS) 

- 

300 

- 

Limiting 

V 3 = 350m V (RMS) 

- 

— 

380 

Tint Ampl. Phase Ref. A 

06 

V 3 = 70mV (RMS) 

185 

220 

235 

deg. 

Tint Ampl. Phase Shift! 

A 0 g 

V 3 = 70m V (RMS) 

90 

105 

- 

deg. 

Demodulated Chroma Output: 

R-Y 

vio 

V 3 = 70mV (RMS) 
V 14 = 35mV (RMS) 

150 

250 

_ 

V(RMS) 

Ratio of G— Y to R— Y 

vg/v 10 

0.28 

0.36 

0.44 

Ratio of B— Y to R— Y 

< 

\ 

< 

O 

1.0 

1.2 

1.4 

Color Difference Output 

BW at 3.3 dB 

BWoiff. 

450 

550. 

- 

kHz 

Color Difference Outputs (max. input signals): 

R-Y 

v 10 

V 3 = 70m V (RMS) 
V 14 = 212mV (RMS) 

_ 

3.0 

_ 

Vp 

G-Y 

v 9 

- 

1.1 

- 

B-Y 

v 8 

- 

3.6 

- 

Small Signal Input Resistance 

Terminal No. 3 

n 


_ 

550 


ft 

Terminal Nos. 6 & 12 

- 

22 

- 

Small Signal Output Resistance 

Terminal Nos. 8 , 9, & 10 

r o 


- 

5 

- 


+ V 9 + V 1^ AV-|Q = Vio 

A Terminal No. 3 is phase reference 
| read phase shift as tint control is varied 


*AV 8 = V 8 


_ ^8 + V 9 + Vl ^ AVn = Vg _^8 



343 






CA3066, CA3067 


File No. 466 




(jp (jp-(jjj) (jp (jp (n) (p (p 


(id) (j) (*)(*) (l) (a) 


8.2 KA 

— WV ^+20 V 

92CS-I7503 


Fig. 9 - Static characteristics test circuit. 


DYNAMIC CHARACTERISTICS TEST PROCEDURE 

1. The reference subcarrier input (V3) is a 3.58 MHz CW 
signal from a 50ft source. 

2. The chroma input (V14) is a 3.53 MHz CW signal from 
a 50ft source. 

3. Phase and amplitude at terminal Nos. 1, 3,. 6 and 12 
are measured with a vector voltmeter (HP8405A or 
equivalent). 

4. Signals at terminal Nos. 8, 9, and 10 are measured with 
an ac voltmeter (HP400E or equivalent) or an oscillo- 
scope. 

5. Unless otherwise noted the Tint control is at max- 
imum resistance. 



) R-Y OUTPUT 


) G-Y OUTPUT 


92CM-I7046RI 


Fig. 10 - Dynamic characteristics test circuit. 



Fig. 1 1 - DC voltage at color-difference outputs vs supply 
voltage. 



92CS-I7S0S 

Fig. 12 - Temperature drift of DC voltage at color-difference 
outputs. 
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CA3066, CA3067 


Application Information 

TYPICAL CHROMA SYSTEM UTILIZING THE CA3066 AND THE CA3067 


CA3066 

A typical circuit using the CA3066 is shown in Fig. 13. This 
circuit is designed for a peak-to-peak chroma input level (v-j) 
of 1.25 volts, a horizontal keying pulse amplitude (V-jq) of 
+8 peak volts, and a regulated supply votlage (Vi 2 ) of +11.2 
volts. The chroma signal should be derived from the 1st or 
2 nc * video amplifier and the luminance should be filtered out 
before the signal is applied to the CA3066 chroma input at 
terminal No. 1. For proper switching, the horizontal keying 
pulse (V 10 ) should be at least +7.5 peak volts but must not 
exceed the dc supply voltage level (Vi 2 ) which should be 
maintained at the recommended value of +11.2V. The dc 
supply can be externally regulated or the regulation circuit 
shown in Fig. 13 may be used. An RCA 2N3053 (or 
equivalent) transistor in an emitter follower configuration is 
used as a basic regulator in the circuits shown in Figs. 13 or 
17. The zener diodes (connected to terminal No. 6 in the 
CA3066 or terminal No. 4 in the CA3067) are intended as 
reference-voltage sources for this circuit and may be used 
separately. 

If either the CA3066 or CA3067 can be separately removed 
from the operating circuit, paralleling the zeners (to establish 
a regulator reference) is recommended to avoid excessive 
voltage on the remaining unit. For best voltage tracking and 
bias stability the zener diode reference element of the 
CA3066 should be used for the CA3066 supply voltage 
regulator circuit. The setup adjustments for the circuit of 


Fig. 13 are the killer (Ri), automatic chroma control (R 2 ), 
and oscillator frequency (c x ). The chroma gain control is a 
dc adjustment that controls the color drive level to the 
demodulator circuit and is normally a front panel adjust- 
ment. The killer and ACC adjustments are initial setup 
controls to optimize performance. The killer control (R 1 ) 
setting adjusts the threshold level at which the chroma 
bandpass amplifier will be cutoff. This threshold level is 
normally set at +1.2 V at terminal No. 4. The ACC 
adjustment (R 2 ) controls the oscillator loop gain and sets the 
ACC threshold level at which the chroma output signal ceases 
to increase linearly with increases in the chroma-input-signal 
level. When R 2 is properly adjusted, the voltage at terminal 
No. 2 is +0.6 to +0.7 volts (normally set at +0.65 volts). 

The Li coil in Fig. 13 has two slugs, one for setting the 
frequency and another which serves as a Q “spoiler.” In this 
way it is possible to control the tilt of the chroma bandpass 
frequency response and to compensate for overall-system 
phase errors. Coils Li and L 2 are single-tuned; the trans- 
former Ti is fix-tuned. The secondary of Ti provides the 
reverse phase signal to neutralize the 3.58 MHz crystal and, 
with the series 12 pF capacitor, provides the correct 
compensation to terminal No. 7. An adjustable trimmer 
capacitor in series with the crystal is set for a free-running 
frequency of 3.579545 MHz ±10 Hz and will, for the typical 
circuit shown, stay within a nominal drift variation of 30 Hz 
during warm up. 


L|= 10 — 30 /xH L 2 = 15-40 fxH T| (PRIMJ-Z^H 
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System performance curves for the CA3066 are shown in 
Fig. 14. The chroma and oscillator outputs and the killer and 
ACC reference voltage are plotted as a function of the input 
chroma signal. Because the killer threshold is a function of 
the killer reference voltage, a typical curve for the threshold 
variation is shown in Fig. 15. This curve was generated for 


File No. 466 

various settings of Ri (killer reference points) with no signal 
applied to terminal No. 1. At each setting a signal was 
applied and reduced in magnitude until the bandpass 
amplifier was cutoff by the killer amplifier. Oscilloscope 
photographs of the terminal voltage signals and frequency 
response curves are shown in Fig. 16. 




KILLER REFERENCE VOLTS (SET AT NO SIGNAL INPUT) 

92CS-I75I0 


Fig. 14 - Typical chroma system parameters vs NTSC chroma Fig. 15 * Typical killer threshold of chroma input vs killer 
input signal for CA3066. reference voltage (V4) using NTSC signal. 


Fig. 16 a thru 16 k 



fa) Terminal No. 1. 

One horizontal line 

1.25 v p .p of NTSC signal at chroma input (vj = 1.25 v p . p ). 



(b) Terminal No. 16. 

One horizontal line 

0.2 Vp.p of chroma amplifier output (vj = 1.25 v p . p ). 



(c) Terminal No. 13. 

One horizontal line 

1.0 Vp.p bandpass amplifier output (vj = 1.25 v p . p ). 
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(d) Terminal No. 14. 

One horizontal line 

1.0 Vp.p of chroma output (vf = 1.25 v p . p ). 


(e) Terminal No. 11. 

One horizontal line 

2.3 Vp.p of separated burst ( vj = 1.25 v p . p ). 


(f) Terminal No. 8. 

One horizontal line 

1.2 Vp.p of oscillator output with no input signal (vj = 0 ). 


(g) Terminal No. 8. 

One horizontal line 

2.5 Vp.p of oscillator output (vj = 1.25 v p .p). 


(h) Terminal No. 16. 

Frequency response sweep 0.5 MHz horizontal division 
peak response at 4.08 MHz ( Terminal No. 4 connected 
through 24 k £1 to +1 1.2 V). 


(i) Terminal No. 13. 

Frequency response sweep 0.5 MHz/horizontal division 
(terminal No. 4 connected through 24 k£l to + 1 1.2V). 
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CA3067 

The Tint Amplifier-Demodulator, CA3067 is shown in Fig. 
17. The oscillator output from Terminal No. 8 of the 
CA3066 is buffer-connected through a 4.7 K£2 resistor to the 
reference subcarrier input. Terminal No. 3. The chroma 
output from the CA3066, available on Terminal No. 14, is 
connected through a series tuned circuit consisting of a 150 
pF capacitor, a 560& resistor, and a 47 pH coil to terminal 
Nos. 14 and 15. Terminal Nos. 14 and 15 are biased through 
an interconnected choke network to provide a balanced bias 
to the chroma demodulator drivers Q13 and Q14. If desired, 
the phase polarity of the output of the CA3067 circuit can 
be reversed by reversing the input connections at terminal 
Nos. 14 and 15. The regulated 11.2 V dc supply voltage for 
the CA3067 is obtained from Terminal No. 12 of the 
CA3066. 


+ 11.2 V REG. 



ALL CAPACITORS, UNLESS OTHERWISE INDICATED, ARE IN jiF 

92CM-I7507 

Fig. 17 - CA3067 tint control -chroma demodulator circuit 
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(j) Terminal No. 14. 

Frequency response sweep 0.5 MHz/horizontal division 
(terminal No. 4 connected through 24 kSl to + 1 1.2V). 


(k) Terminal No. 1 1. 

Frequency response sweep 0.5 MHz /horizontal division 
Terminal No. 4 connected through 24 kSlto + 1 1.2V 
Terminal No. 7 connected through 4.7 k SI to +1 1.2V 
Terminal No. 10 connected through 10 kSlto +11.2V 


In Table I the amplitude and phase values are given with the 
0° phase reference at terminal No. 3 and the tint amplifier 
adjusted to a B-Y signal reference which can be recognized 
by the waveform on terminal No. 8. Typical terminal voltage 
values are given for the CA3066 and GA3067 in Table II. 


TABLE I — Typical Voltage and Phase Relationships for the 
CA3067 Tint-Control Amplifier. 


TERMINAL NO. 

AC VOLTAGE-mv 

PHASE ANGLE 

3 

70 

0° 

1 

200 

- 93° 

6 

1.5 

- 67° 

12 

2.5 

-143° 


Reference Condition: Tint control centered on B— Y phase 
at terminal No. 8. 


TABLE II — Typical DC Terminal Voltages with no Input 
Signals for CA3066 and CA3067. 


TERMINAL NO. 

DC VOLTS | 

CA3066 

CA3067 

1 

1.75 

11.2 

2 

0.68 

3.5 

3 

2.8 

2.1 

4 

1.25 

11.9 

5 

0 

0 

6 

11.9 

5.7 

7 

1.4 

5.0 

8 

2.2 

5.0 

9 

1.9 

5.0 

10 

0 

5.0 

11 

11.2 

5.0 

12 

11.2 

5.7 

13 

11.2 

11.2 

14 

4.6 

3.0 

15 

4.4 

3.0 

16 

11.2 

4.8 
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The demodulation angles are determined by the phase of the 
reference subcarrier signals at terminal Nos. 6 and 12. These 
signals are amplified and applied to the demodulators such 
that their respective demodulated signals are present at 
terminal Nos. 8 and 10. The phase shift network from 
terminal No. 1 resolves the signal into two components that 
are phase separated by 76°. Relative to the terminal No. 6 
phase, which is directly represented by the B— Y phase, the 
terminal No. 12 phase is shifted 180° and the demodulation 

Fig. 18 a thru 18 e. 





angle at terminal No. 10 is 180° minus 76° or typically 
104°. While the output signals at terminals Nos. 8, 9, and 10 
are given as B— Y, G— Y, and R— Y respectively, it is obvious 
that the phase angles as recognized by the waveforms in the 
oscilloscope photographs of Fig. 18 are not precisely the 
NTSC standard representation of color difference signals. 
The latest developments in color TV picture tubes, such as 
the 18VANP22, require some phase shift for color correc- 
tion. 


fa) Terminal No. 14. 

One horizontal line 

0.2 Vp.p chroma input to demodulator. 


(b) Terminal No. 3. 

One horizontal line 

0.25 Vp.p oscillator injection input to tint control amplifier. 


(c) Terminal No. 8. 

One horizontal line 
1.0 v p .p at B—Y output. 



(d) Terminal No. 10. 

One horizontal line 
1.2 Vp.p at R—Y ouyput. 



(e) Terminal No. 9. 

One horizontal line 
0.4 v p .p at G-Y output. 
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The tint amplifier of the CA3067 is unique in that all phase 
shift requirements are satisfied by dc bias control to terminal 
No. 2. Resistor R1 and capacitor Cl of Fig. 8 provide the 
basic requirements for a phase shifting of the tint-controlled 
signal. The reference subcarrier signal at terminal No. 3 is 
separated 180° by the differential amplifier Q2 and Q3. The 
output of Q2 is shifted in phase by the R1 , Cl time constant. 
The output of Q3 is directed to a recombination adder 
junction at the collector of Q4. The tint control determines 
the Q4 output signal by directing more or less signal to ac 
ground through diode, D2. The tint-controlled signal is then 
passed through an amplifier-limiter circuit to terminal No. 1. 

The output amplifiers of the CA3067 are very-low- 
impedance followers that allow for direct coupling to high- 
level amplifiers. As shown in Figs. 11 and 12, the difference 
outputs vary linearly with voltage and temperature. 
Typically, the red and blue difference outputs have a 3-volt 
peak-to-peak maximum voltage-swing capability with a 5 k£2 
load. 

CA3072 Alternate Demodulator Circuit 

The circuit shown in Fig. 19 represents an alternate tint 

amplifier-chroma demodulator. This circuit provides greater 
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color-difference output levels than the CA3067. When the 
CA3072-2N3933 demodulator and tint amplifier circuit is 
used in conjunction with the CA3066, +24 volts should be 
used to provide the proper V + for the CA3072. Both the 
2N3053 and 2N3933 are typical of the type of transistors 
that may be used with the CA3066, CA3067, and CA3072 
integrated circuits. For complete data information on the 
RCA types 2N3053, 2N3933, and CA3072, refer to their 
respective Technical Bulletins. 

Construction Information 

Fig. 20 is a photograph and template of a circuit board 
layout for the CA3066 and CA3067 combination. Particular 
information for most of the components is given in Figs. 13 
and 17. Special attention must be given to bypassing at 
terminal Nos. 2 and 15 in the CA3066. Terminal No. 2 
requires a high-Q capacitor (0.1 jjF) in parallel with the 100 
jjF electrolytic bypass. Terminal No. 15 requires bypassing to 
the power supply lines for best results. To assure complete 
cutoff at the minimum chroma-gain-control setting, the 
power supply side of L2 must be well bypassed to ground, 
and preferably to a common ground point that also includes 
the 1500-ohm resistor at terminal No. 14 and the CA3067 
terminal No. 15 bypass. 


+ 24 v 



Fig. 19 - CA3072 chroma demodulator with 2N3933 tint control amplifier circuit. 
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Fig. 20 a - Circuit board layout. 



FULL SIZE 

Fig. 20 b - Template for circuit board layout 
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DQOB0D 

Solid State 
Division 


Linear integrated Circuits 

Monolithic Silicon 

CA3068 



Television Video IF System 

FEATURES: 

■ High-gain wide-band IF amplifier: 75 dB typ. at 45 MHz 

■ Gain reduction with excellent stability: 50 dB typ. at 45 MHz 

■ Video detector with linear characteristics 

■ Video amplifier: 12 dB gain 

■ Impulse noise limiter 

■ Keyed AGC with noise immunity circuits 

■ Delayed AGC for tuner 

■ Buffered AFT output 

■ Separate sound IF intercarrier 
amplification 

■ Sound carrier detector 

■ 4.5 MHz sound carrier amplifier 


Isolated zener reference diode for 
regulated voltage supply 
See ICAN-6303, "A Single 1C for 
the Complete PIX-IF System in 
TV Receivers" 


RCA-CA3068* is a monolithic integrated circuit that in- 
corporates an entire video TV-IF subsystem on a single chip. 
Innovations in integrated circuit design, in addition to the 
many active devices and closely matched components uti- 
lized in the circuit, make the CA3068 ideally suited for use 
in color and black-and-white TV receivers. 

The primary functions performed by the IF subsystem are 
video IF amplification, linear detection, video output ampli- 
fication, AGC from a keyed supply, AGC delay for tuner, 
sound carrier detection, sound carrier amplification, and a 
buffered AFT output. The advanced circuit design of the 
CA3068 also includes secondary functions for improved 


noise immunity and minimal airplane flutter. An isolated 
zener reference diode, incorporated in the 1C, provides a 
convenient and economical means for controlling the regu- 
lated voltage supply. The inherent wide bandwidth capability 
(10-70 MHz) and high overall gain (87 dB) make the CA3068 
suitable for other AM IF applications whose frequencies 
range within this bandwidth. 

The CA3068 utilizes a unique 20-lead quad-in-line plastic 
package. This package also includes a wrap-around shield 
that serves to minimize interlead capacitances. 

* Formerly Developmental No. TA591 4 
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MAXIMUM RATINGS, Absolute Maximum Values, at Ta=2?C 
DC Supply Voltage: 

Between Terminals 15 and 5* 11.3 V 

Terminal 7 (Collector to ground) 20 V 

Terminal 9 (Collector to ground) 20 V 

DC Current (into Terminal 18) 2 mA 

Device Dissipation: 

Up to Ta = 60° C 600 mW 

Above Ta = 60°C derate linearly 6.7 mW/°C 

Ambient Temperature Range: 

Operating —40 to +85 °C 

Storage —65 to +150 °C 

Lead Temperature (During soldering): 

At distance not less than 1/32" (0.79 mm) from case for 10 seconds max +265 °C 


This rating does not apply when using the internal zener reference in 
conjunction with the pass transistor. 
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ELECTRICAL CHARACTERISTICS at Ta = 25°C 


CHARACTERISTIC 


Static (DC) Characteristics 


Quiescent Circuit Current 


DC Voltages: 

Terminal 2 (Sound) 

Terminal 3 (Keying Input) 


Terminal 7(1) (AGC) 


Terminal 7 (2) (AGC) 


Terminal 8 (AGC Delay) 
Terminal 9 (Cascode Collector) 


Terminal 16 (Bias) 


Terminal 18 (Zener) 


Terminal 19 (White Level) 


Dynamic Characteristics 


Video Sensitivity 


Sync. Tip Level Voltage 


Automatic Fine Tuning (AFT) 
Drive Level Voltage 


Delay Bias Voltage: 
At e| = 10 mV 


TEST CONDITIONS 




At e| = 30 mV 


3.58 MHz Chroma Output 
Voltage 


4.5-MHz Sound Output Voltage 


Parallel Input Impedance: 
Resistance at Term. 6 

Capacitance at Term. 6 

r I-6 

C|-6 

Resistance at Term. 12 

R l — 12 

Capacitance at Term. 12 

C|-12 

Resistance at Term. 13 

Capacitance at Term. 13 

R l 13 
C|-13 

Parallel Output Impedance: 
Resistance at Term. 9 

Capacitance at Term. 9 

R 0— 9 
CO-9 

Cascode Transfer Characteristics: 
Magnitude of Forward 
Transadmittance 

IVf[ 

Reverse Transfer Capacitance 

C r 


f Q = 45.75 MHz, Mod. (AM) = 85% 
at 400 Hz; Adjust e| for 4 V p . p at 
Term. 19 


f Q = 45.75 MHz, e|(CW) = 10 mV 




f Q = 45.75 MHz, e|(step mod.) = 
10 mV; 

fl = 42.17 MHz, e|(step mod.) = 
3.33 mV 



f Q = 45.75 MHz 

Impedance and Admittance 
measured at bias conditions 
as developed by circuit 
shown in Fig. 7 


Min. 

Typ. 

Max. 


IBB 

- 

■B 

_ 

6 

■ 

I ESI 

- 

■a 

IIS 

- 

21 

- 

1 

- 

- 

4 

- 

- 


- 

im 

- 


imu 

11.9 

EESl 

Li_ 

- 

ESI 
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CA3068 


V*»II.3V 



V + * 1 1.3 V 



Fig. 4 — Test circuit for measurement of AGC terminal 
voltage 2 (VyJ and terminal 8 voltage (Vg). 


Fig. 3 — Test circuit for measurement of quiescent current 
Ul5), keying terminal voltage (V3), bias voltage (Vjq), AGC 
terminal voltage 1 (Vy), and cascode collector voltage (Vg ) 



Fig. 5 — Test circuit for measurement of white level (Vjg) and terminal 2 voltage (V2). 
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R| = 50 Kfl POTENTIOMETER 

L| =2.2/i H:ADJUST No. OF TURNS FOR ALIGNMENT 
L2»l.5 ADJUST No- OF TURNS FOR ALIGNMENT 
C £ I pF : ADJUST FOR PROPER ALIGNMENT 

ALL RESISTANCE VALUES ARE IN OHMS 
UNLESS OTHERWISE INDICATED, ALL CAPACITANCE VALUES: 
LESS THAN 1.0 ARE IN MICROFARAOS 
1.0 OR GREATER ARE IN PICOFARADS 


92CS- I7537RI 


(a) Test setup for measurement of video sensitivity, sync, tip level, delay bias, AFT drive voltage. 



ALL RESISTANCE VALUES ARE IN OHMS 


I - ADJUST LEVEL V TO GIVE 
6dB ATTENUATION OF MIXER 

2 -ADJUST LEVEL "b" SO THAT 
THE STEP (o-b) AT VIDEO 
OUTPUT TERM. IS 3 VOLTS. 
APPLY ONLY 45.75 MHz TO 
ADJUST STEP WAVEFORM. 

92CS-I7538 


(b) Test setup for measurement of sound and chroma outputs. 


Fig. 6 — Typical dynamic test circuit diagrams. 
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Fig. 7a — Color TV -IF amplifier test circuit. 


PIX CARRIER CHROMA 

45.75 MHz 42.17 MHz 



47.25 MHz 41.25 MHz 

ADJACENT CHANNEL CO-CHANNEL 

SOUND TRAP SOUND TRAP 


92CS-I7549 

Fig. 7b — Color TV-1 F amplifier with associated waveform 
and test circuit. 


Alignment of the IF Amplifier 

1. Apply a 2 to 4 mV signal from a sweep generator, Telonic 
SV13 or equivalent to the input of the IF amplifier. 

2. Apply a negative DC supply voltage, to the Gain Adjust 
Terminal. 

3. Set the gain supply voltage to provide a peak-to-peak 
output of 6 volts. 

4. The overall response curve should conform to the 
waveform shown in Fig. 7b. 
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A TYPICAL COLOR-TV VIDEO SYSTEM 



Application Information 


A block diagram of a typical color TV application of the 
CA3068 is shown in Fig. 8. The input from the TV tuner is 
applied to the IF cascode amplifier of the 1C. The cascode 
amplifier has a gain reduction of 50 dB typ. and a gain of 35 
dB typ. The cascode output is coupled to succeeding stages 
via the 1C lead interconnections. Associated with the cascode 
amplifier is an AGC delay network that provides gain control 
for the RF amplifier. This arrangement enables the circuit 
designer to introduce the desired bandpass-shaping circuitry 
between the cascode input stages and the remaining IF 
stages. These IF stages provide an additional gain of 40 dB 
typ. The output, taken from the emitter of the second IF 
stage, also provides a buffered AFT signal that is designed to 
drive the RCA-CA3064 TV Automatic Fine-Tuning 1C. 

The IF detector circuit provides an extremely linear output 
signal that is DC coupled to the first video amplifier. The 
first video amplifier has a voltage gain of 12 dB typ. The 
detector and video amplifier circuits provide a signal which 


has in addition to its linear output an extremely sharp 
limiting characteristic. The maximum video output level is 
approximately 7 volts peak-to-peak. The sharp limiting action 
of this circuit clips any signal (e.g. impulse noise) that 
exceeds this 7-volt value. 

The video amplifier also provides a signal which drives a 
keyed AGC signal. The unique keyed AGC circuits utilize 
active devices that virtually eliminate noise from interfering 
with the action of the AGC. A separate sound section 
provides amplification at intercarrier frequencies, sound 
carrier detection, and sound carrier amplification. This sound 
section is designed to drive the RCA-CA3065 TV Sound 
System 1C. 

A color IF circuit with associated performance data is shown 
in Fig. 7. For a more detailed description of the CA3068 and 
related performance and IF printed circuit construction 
information, refer to the RCA Application Note ICAN-6544. 
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OUtBZ/D 

Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3070,CA3071 

CA3072 



Television Chroma System 

SYSTEM FEATURES 

CA3070 

■ Voltage Controlled Oscillator 

■ Keyed APC & ACC Detectors 

■ DC Hue Control 

■ Shunt Regulator 

CA3072 

■ Synchronous Detector with Color Difference Matrix 

■ Emitter-Follower Output Amplifiers with Short-Circuit Protection 


CA3071 

■ ACC Controlled Chroma Amplifier 

■ DC Chroma Gain Control 

■ Color Killer 

■ Amplifier Short-Circuit Protection 
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CA3070 Chroma Signal Processor 



ALL RESISTANCE VALUES ARE IN OHMS 


UNLESS OTHERWISE INDICATED. ALL CAPACITANCE VALUES: 
LESS THAN 1.0 ARE IN MICROFARADS 
1.0 OR GREATER ARE IN PICOFARADS 


Fig. 2 — Functional diagram of RCA-CA3070. 


The CA3070 is a complete subcarrier regeneration system 
with automatic phase control applied to the oscillator. An 
amplified chroma signal from the CA3071 is applied to 
terminals No. 13 and No. 14, which are the automatic phase 
control (APC) and the automatic chroma control (ACC) in- 
puts. APC and ACC detection is keyed by the horizontal 
pulse which also inhibits the oscillator output amplifier 
during the burst interval. 

The ACC system uses a synchronous detector to develop a 
correction voltage at the differential output terminal Nos. 15 
& 16. This control signal is applied to the input terminal Nos. 
1 & 14 of the CA3071. The APC system also uses a synchro- 
nous detector. The APC error voltage is internally coupled to 
the 3.58 MHz oscillator at balance; the phase of the signal at 
terminal No. 13 is in quadrature with the oscillator. 

To accomplish phasing requirements, an RC phase shift 
network is used between the chroma input and terminal Nos. 
13 and 14. The feedback loop of the oscillator is from 
terminal Nos. 7 and 8 back to No. 6. The same oscillator 


signal is available at terminal Nos. 7 and 8, but the dc output 
of the APC detector controls the relative signal levels at 
terminal Nos. 7 or 8. Because the output at terminal No. 8 
is shifted in phase compared to the output at terminal No. 7, 
which is applied directly to the crystal circuit, control of the 
relative amplitudes at terminal Nos. 7 and 8 alters the phase 
in the feedback loop, thereby changing the frequency of the 
crystal oscillator. Balance adjustments of dc offsets are 
provided to establish an initial no-signal offset control in the 
ACC output, and a no-signal, on-frequency adjustment 
through the APC detector-amplifier circuit which controls 
the oscillator frequency. The oscillator output stage is 
differentially controlled at terminal Nos. 2 and 3 by the hue 
control input to terminal No. 1. The hue phase shift is 
accomplished by the external R, L, and C components that 
couple the oscillator output to the demodulator input 
terminals. The CA3070 includes a shunt regulator to establish 
a 12-volt dc supply. 
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MAXIMUM RATINGS, Absolute Maximum - Values at T/\ - 25° C 

DC Supply Voltage and Current See Charts Below 

Device Dissipation: 

Up to Ta = +70° C 530 mW 

Above Ta = +70° C . . . Derate Linearly at 6.7 mW/° C 
Ambient Temperature Range: 

Operating -40 to +85 °C 

Storage —65 to +150 °C 

Lead Temperature (During Soldering): 

At distance 1/32 in. (3.17 mm) from seating plane 

for 10 s max +265 °C 


* With respect to terminal 
No.5 and with terminal 
No. 10 connected through 
470ft to +24 V. 

N1 Regulated voltage at termi- 
nal No. 10. 

N2 Controlled by max. input 
current 

N3 Limited by dissipation. 


12 3 10 16 15 14 13 12 II 6 7 8 



Fig. 3 — Schematic diagram CA3070. 


Maximum Voltage and Current Ratings at Ta = +25 C 


Voltage* Current 
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CHARACTERISTICS 


Static Characteristics 


Voltage: 

Hue Control 


Oscillator Input 


APC Input 


Regulator 


Regulator Change 


Horizontal Key Input 


Currents: 

Oscillator Output 


APC Output 


ACC Output 


Dynamic Characteristics 


Oscillator Outputs: 
Terminal No. 2 


Terminal No. 3 


ACC Detected Output 


Oscillator Pull-In Range 
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1. ALL RESISTANCES IN OHMS. 

2. UNLESS OTHERWISE SPECIFIED ALL CAPACITANCES 
ARE IN MICROFARADS. 

3. V 2 a V 3 MEAS'D WITH LOW-CAPACITY SCOPE 
PROBES 20 pF. 

Fig. 5 — CA3070 Dynamic test circuit. 


Dynamic Test Initial Adjustments 

1. APC ADJUST: With S2 in "OFF" position adjust the 
"APC ADJ" potentiometer to set oscillator frequency at 
3.579545MHz ±25 Hz. With SI in position 1 measure 
frequency at terminal No. 2 output, using crystal probe 
shown in Fig. 6. 

2. ACC ADJUST: With S2 in "OFF" position adjust "ACC 
ADJ" potentiometer to give an ACC output reading of 
0 ±2 mV. 


Procedure to Pull-in Range Measurement 

1. Set SI in position 1 and connect the crystal probe to 
terminal No. 2. 

2. Turn S2 to "OFF" and set "APC ADJ." arm to ground. 

3. Turn S2 to "ON" and gradually adjust "APC ADJ" until 
oscillator "locks" as witnessed by a sharp increase in ACC 
output voltage between terminal Nos. 15 and 16. 

4. Turn S2 to "OFF" and adjust capacitor Cp of crystal 
probe for maximum deflection on Ballantine Meter. 


_CR YSJALJ 3 57 9545_ MHzJ_ 
r I8kft \ n , 

aa/v — f — o — r 


Cp^K3-26pF ^5111 


BALLANTINE 

314 

AMPL 


I I 


92CS- 17579 


5. Switch Ballantine meter to "Amplifier" position and read 
oscillator frequency on counter. 

6. Repeat steps 2 — 5 with "APC ADJ" arm set to terminal 
No. 10 instead of to ground. 


Fig. 6 — Crystal probe for frequency measurements. 
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CA3071 Chroma Amplifier 



The CA3071 is a combined two-stage chroma amplifier and 
functional control circuit. The input signal is received from 
the video amplifier and applied to terminal No. 2 of the 
input amplifier stage. The first amplifier stage is part of the 
ACC system and is controlled by differential adjustment 
from the ACC input terminal Nos. 1 and 14. The output of 
the 1st amplifier is directed to terminal No. 6 from where 
the signal may be applied to the ACC detection system of 
the CA3070 or an equivalent circuit. The output at terminal 
No. 6 is also applied to terminal No. 7 which is the input to 
the 2nd amplifier stage. Another output of the 1st amplifier 
at terminal No. 13 is directed to the killer adjustment circuit. 


The dc voltage level at terminal No. 13 rises as the ACC 
differential voltage decreases with a reduction in the burst 
amplitude. At a pre-set condition determined by the killer 
adjustment resistor the killer circuit is activated and causes 
the 2nd chroma amplifier stage to be cut off. The 2nd 
chroma amplifier stage is also gain controlled by the 
adjustment of dc voltage at terminal No. 10. The output of 
the 2nd chroma amplifier stage is available at terminal No. 9. 
The typical output termination circuit that is shown, 
provides differential chroma drive signal to the demodulator 
circuit. Both amplifier outputs utilize emitter-followers with 
short-circuit protection. 


MAXIMUM RATINGS, Absolute Maximum-Values at Ta = 25° C 


DC Supply Voltage (Terminal 8 

to Terminal 4) 30 VDC 

Device Dissipation: 

Up to T/\ = +70° C 530 mW 

Above Ta = +70°C .... Derate Linearly at 6.7 mW/°C 

Ambient Temperature Range: 

Operating —40 to +85 °C 

Storage -65 to +150 °C 

Lead Temperature (During Soldering): 

At distance 1/32 in (3.17 mm) 

from seating plane for 10 s max +265 °C 


Maximum Voltage and Current Ratings 
Current 


@T A = +25° C 
Voltage* 


Terminal 

h 

•o 

No. 

mA 

mA 

1 

5 

1.0 

2 

5 

1.0 

3 

10 

10 

6 

1.0 

20 

7 

5 

1.0 

9 

1.0 

20 

12 

1.0 

5 

14 

5' 

1.0 


* With reference to 
terminal No. 4 and 
with +24 V on terminal 
No. 8 except for the 
rating given for terminal 
No. 8. 


Terminal 

No. 

MIN 

VOLTS 

MAX 

VOLTS 

1 

-5 

+15 

2 

-5 

+5 

3 

0 

+2 

6 

0 

+24 

7 

-5 

+5 

8 

0 

+30 

9 

0 

+24 

10 

0 

+24 

11 

0 

+24 

12 

0 

+20 

13 

0 

+20 

14 

-5 

+15 
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ELECTRICAL CHARACTERISTICS, at T A = 25° C 





LIMITS 


CURVES 

CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

CA3071 

UNITS 

CIRCUITS 


(Measure) 


MIN. | TYP. | MAX. 


FIG. 


Static Characteristics 


Voltages: 

Bias Reference Terminal 

V 12 

St Open. S 2 Open 

_ 

17.3 

_ 



Ampl. No. 1 Chroma 

Input 

V 2 

Si Open, S 2 Open 

- 

1.75 

- 



Ampl. No. 1 Chroma 
Output Balanced 

v 6 

Si Open, S2 Open 

- 

20 

- 

V 

8 

Unbalanced 

v 6 

Si Open, S 2 Closed 

- 

13.5 

- 



Ampl. No. 2 Chroma 

Input 

v? 

Si Open, S 2 Open 

- 

1.5 

- 



Ampl. No. 2 Chroma 
Output 

v 9 

Si Closed, S 2 Open 

- 

20.6 

- 



Supply Current 

it 

Si Open, S 2 Open 

17 

24.5 

31 

mA 



Dynamic Characteristics 


Amplifier No. 1 Voltage Gain 

A V 1 

Eg = 30 mVRM 5 Measure vg 

14 

- 

- 

dB 

9 

Amplifier No. 2 Voltage 

Gain 

A V2 

V g = 1.0 V (RMS) Measure V7 

- 

14 

- 

dB 

Max. Chroma Output 

Voltage 

v 9 



2 

. 

VRMS 

13 

10% Chroma Gain Control 
Reference Voltage 

< 

CD 

1 

< 

O 

Eg = 50 mVRMS, adjust Chroma 
Gain Control to Change vg to 
10% of Maximum Chroma 
Output 

2.1 

3.8 

6.8 

V 

9 

Output Voltage, Killer Off 

v 9 

Si in Position 2 

Eg = 50 mVRMS, adjust "Killer 
Adjust" for an abrupt decrease 
in Vg 

“ 

- 

12 

mV 

RMS 

Output Voltage, Chroma Off 

v 9 

Eg = 50 mVRMS. adjust Chroma 
control to min. Chroma Output 

- 

- 

12 

mV 

RMS 

Bandwidth: 

Amplifier No. 1 

BW 



12 


MHz 

11. 12 

Amplifier No. 2 


- 

30 

- 

Ampl. No. 1 Input 

Impedance 

r jl 


- 

2 

- 

k il 

9 

Cjl 


- 

4 

- 

pF 

Ampl. No. 1 Output 
Impedance 

r o' 


- 

85 

- 

il 

Ampl. No. 2 Input 

Impedance 

rj2 


- 

2.1 

- 

k il 

cj2 


- 

3.5 

- 

pF 

Ampl. No. 2 Output 
Impedance 

r 0 2 


- 

85 

- 

il 


3.3Kfl 
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1. SWITCH SI IN POSITION I UNLESS OTHERWISE NOTED 
IN TABLE OF DYNAMIC CHARACTERISTICS 

2. CHROMA GAIN CONTROL SET TO GROUND UNLESS OTHERWISE 
NOTED IN TABLE OF DYNAMIC CHARACTERISTICS 

3. ALL RESISTANCES IN OHMS 

4. ALL CAPACITANCES ARE IN MICROFARADS UNLESS OTHERWISE 92CM-I75SI 

SPECIFIED 

Fig. 9 — Dynamic characteristics circuit-CA3071 . 


13 12 II 10 9 8 



ALL RESISTANCE VALUES ARE IN OHMS 


Fig. 10— Schematic diagram for CA3071. 
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Fig. 11 — CA3071 Wideband amplifier 
circuit. 


Fig. 12 - Frequency response for Fig. 13 — Typical CA3071 wideband 
wideband amplifier CA3071. amplifier linearity 


CA3072 Chroma Demodulator 



The CA3072 has two sets of synchronous detectors with 
matrix circuits to achieve the R-Y, G-Y, and B-Y color 
difference output signals. The chroma input signal is applied 
to terminal Nos. 3 and 4 while the oscillator injection signal 
is applied to terminal Nos. 6 and 7. The color difference 
signals, after matrix, have a fixed relationship of amplitude 


and phase nominally equal dc voltage levels. The outputs 
of the CA3072 are suitable for driving high level color 
difference or R, G, B output amplifiers. Emitter-follower 
output stages used to drive the high level color amplifiers 
have short-circuit protection. 
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ELECTRICAL CHARACTERISTICS, at T A = 25° C and V + = +24 V unless otherwise specified 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

LIMITS 

CA3072 







JQ| 




Static Characteristics 

Supply Current 

With Output Loads 

*T 

Si Closed 

16.5 

_ 

26.5 

mA 


With No Output Loads 


Si Open 

- 

9 



G-Y, R-Y, B-Y Outputs 

Vg. Vn, Vi3 

Si Closed 

13.2 

14.7 

15.8 


15 

Chroma Inputs 

V 3 . V 4 

Si Open 

- 

3.3 

- 

V 


Reference Subcarrier 

V 6 , v 7 

Si Open 

- 

6.2 

- 



Dynamic Characteristics 

Demodulator Unbalance 

''9>ii*'>i3 

V 3 = V 4 = 0 

- 

- 

0.8 

V P-P 


Maximum Color Difference 

v 13 


8.0 

- 

- 



Output Voltage 

vn 

V 3 = V 4 = 0.6 Vp.p 

5.5 

- 

- 




v 9 


1.2 

- 

- 



Chroma Input Sensitivity 

v 3 

Adjust e c for 5.0 v p . p @ term 

No. 13 (B Y) 

- 

0.2 

0.35 



Relative R-Y Output 

V 11 

3.5 

- 

4.2 



Relative G-Y Output 

v 9 


0.75 

- 

1.25 



VqC Difference Between 
any two Output T erminals 

IVgl-IVnl 

IVgl - |V 13 | 

ivni - iv 13 i 

e c = 0 

- 

- 

0.6 

V 

16 

Input Impedance 

rj6, 7 


- 

1.7 

- 

kn 


Reference Subcarrier Inputs 

cj6, 7 


- 

6 

- 

pF 


Input Impedance at 

r j3, 4 


- 

0.95 

- 

kfi 


Chroma Inputs 

Cj3, 4 


- 

6 

- 

pF 


Output Resistance 

r o9< r o^ 1 » 

r c 13 


- 

180 

- 

a 



MAXIMUM RATINGS, Absolute Maximum-Values at T/\ =25° C 

DC Supply Voltage (Terminal 8 to Terminal 14 ) 27 V 

Reference Input Voltage 5 Vp_ p 

Chroma Input Voltage 5 v p . p 

Device Dissipation: 

Up to T A = +70°C 530 mW 

Above T A = +70°C Derate Linearly at 6.7 mW/°C 

Ambient Temperature Range: 

Operating -40 to +85°C 

Storage 65 to +150°C 

Lead Temperature (During Soldering): 

At distance 1/32 in (3.17 mm) from seating plane 

for 10 s max +265°C 

*With reference to terminal No. 14 and 
with the voltage between terminal No. 8 
and terminal No. 14 at +24 V except as 
given in rating for terminal No. 8. 


Maximum Voltage and Current Ratings 
at T A = +25°C 


Voltage* 


Terminal 

No. 

MIN 

VOLTS 

MAX 

VOLTS 

3 

0 

+5 

4 

0 

+5 

6 

0 

+12 

7 

0 

+12 

8 

0 

+27 

9 

0 

+20 

11 

0 

+20 

13 

0 

+20 


Current 


Terminal 

No. 

«l 

mA 

lo 

mA 

3 

- 

_ 

4 

- 

- 

6 

_ 

_ 

7 

- 

- 

8 

- 

- 

9 

1.0 

20 

11 

1.0 

20 

13 

1.0 

20 
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Fig. 15 — Static characteristics test circuit— CA3072. Fig. 16 — Dynamic characteristics test circuit for CA3072. 
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Application Information 


TYPICAL APPLICATION CIRCUIT FOR THE CHROMA 
SYSTEM 

The circuit of Fig. 18 is a complete signal processing system 
for color TV. The RCA types CA3070, CA3071 and CA3072 
monolithic integrated circuits are respectively used as the 
subcarrier regenerator, chroma amplifier, and chroma 
demodulator. 

The input to the system is the chroma signal which may be 
taken from the first or second video stage and is coupled into 
the CA3071 chroma amplifier through a bandpass filter. The 
outputs from the system are the color difference signals 
which are intended to drive high level amplifiers. Luminance 
mixing may be external to the picture tube or, the difference 
signals may be amplified and applied to the picture tube grid 
or cathode, where they are internally mixed with the 
luminance signal. 


Other input requirements to the system are the power supply 
voltage of +24 volts and the horizontal keying pulse. The 
power supply voltage should be maintained within ±3 volts 
of the recommended value of +24 volts. The total current for 
the system is approximately 70 milliamperes. The horizontal 
keying pulse input to the subcarrier regenerator is approxi- 
mately +4 volts peak and centered on the burst as seen at 
terminal Nos. 13 and 14 of the CA3070. The pulse width 
should be maintained as close as possible to the recom 
mended value of 4.5 microseconds. 

CA3070 Circuit Operation 

The CA3070 circuit as shown in Fig. 3, consists of an 
oscillator, automatic phase control (APC) detector, auto- 
matic chroma control (ACC) detector, gated oscillator 
output amplifier and a shunt regulator. The shunt regulator 
provides the necessary bias stability for the 3.579545 MHz 
oscillator, as well as the bias to all functions of the CA3070 
circuit. The regulation voltage is nominally +12 volts as 
measured at terminal No. 10. 



Fig. 18 - Typical chroma system for color-TV receivers utilizing RCA-CA3070, CA3071, and CA3072. 


370 






File No. 468 

The APC and ACC detectors are synchronous detectors 
which are keyed by the horizontal input pulse. This form of 
detection eliminates the need for a burst separator as an 
individual amplifier stage. When a positive pulse is present at 
terminal No. 4, the oscillator output is cutoff and the 
oscillator drive signal is diverted to the APC and ACC 
detectors. Referring to Fig. 3, the APC detector (Qg & Qio) 
and the ACC detector (Q5 & Qq) are emitter driven from the 
oscillator transistor (Q17), when the oscillator output ampli- 
fier transistors (Q2 & Q3) are cutoff. The chroma signal is 
applied to terminal Nos. 13 and 14. There is oscillator 
current drive to the APC and ACC detectors during the 
keying interval; burst separation is effectively accomplished 
by the gating action of the detectors. A further advantage of 
the keying action is the high gain made possible as a result of 
the low average current flow of the APC and ACC detectors. 
High resistor values of 62 kilohms at the detector output 
terminals provide proper detector bias consistent with the 
duty factor of the keying pulse. For a wider keying pulse, it 
is necessary that smaller values of detector load resistors be 
used. 

In the absence of the keying pulse (line period), the resistor, 
R20» biases the oscillator's output amplifier transistors (Q2 & 
Q3) on by keeping their emitters at a higher potential than 
the base bias voltages of Q5, Q6, Qg, and Qio- The 3.58 
MHz signal is now present at terminal Nos. 2 & 3. 
Photographs of oscilloscope traces for one line period at the 
terminal Nos. 1, 2, and 3 are shown in Fig. 19 The effect of 
the keying pulse is shown in Fig. 19a, and the cutoff of the 
oscillator output amplifier is shown in Fig. 19b and 19c . 

The oscillator section of the CA3070 consists of the loop 
formed by Qj8 and the emitter driven differential pair, Q13 
& Q14. The signal output from terminal Nos. 7 & 8 is 
coupled through the series tuned crystal circuit back through 
terminal No. 6 to Q10 & Q17. The collector of Q17 drives 
the oscillator output amplifier and the APC & ACC de- 
tectors. Q-J7 is emitter coupled to transistor Qi^. The 
oscillator frequency and phase control is accomplished by 
the differential drive from the APC detector to transistors 
Ql2 & Ql5 which control the balance of Q13 & Q14. The 
resulting phase of the feedback loop is determined by the 
relative amplitudes of the oscillator output signal at terminal 
Nos. 7 and 81 The 65 pF capacitor between terminal No. 7 
and 8 provides the phase shifting component as the balance 
of Q13 and Q14 is varied. In this way the APC detector 
controls the crystal frequency at which the phase shift is 
cancelled in the feedback loop. 

The controls for the CA3070 subcarrier regenerator circuit 
are the APC balance, the ACC balance, and the hue control. 
The hue control is a dc balance adjustment of the oscillator 
output amplifier transistors Q2 & Q3. A phase delay network 
between the output terminals Nos. 2 & 3 determines the 
range of the hue control, which for the value shown in Fig. 
18, is approximately 90°. 

The ACC adjustment sets the initial balance of the ACC drive 
to the input of the CA3071 in Fig. 18 (terminal Nos. 1 and 


CA3070, CA3071, CA3072 



Fig. 19(a) - CA3070 terminal No. 1 
7.5 V oscillator "gate off" pulse. 



Fig. 19(b) - CA3070 terminal No. 2, 3.5 V p . p oscillator 
output 7 one horizontal line, (gated off during burst). 



Fig. 19(c) • CA3070 terminal No. 3, 2.0 V p . p oscillator 
output; one horizontal line, (gated off during burst). 


14 of the CA3071). The APC is a frequency adjustment of 
the oscillator through the balance control of the APC 
detector. 

As a setup adjustment, for both the ACC and APC, switch SI 
is opened and S2 is closed. The chroma input to the system is 
removed and the dc voltage at terminal No. 6 of the CA3071 
is noted. The switch S2 is then opened and the ACC adjusted 
to set the voltage at terminal No. 6 to that previously noted. 
Alternatively, the differential dc voltage at terminal Nos. 15 
& 1 6 of the CA3070 may be set to 0 mV (±2 mV) when SI 
and S2 are open, and the CA3071 is removed from the 
circuit. 

With the chroma signal still removed, the APC adjustment 
sets the frequency of the oscillator to 3.579545 MHz. Due to 
the gated off interval, a counter will not accurately record 
the frequency at the oscillator output amplifier terminals. 
Two simple and accurate methods are as follows: (1) a 
buffered crystal filter circuit, connected to the oscillator 
output amplifier terminals will continue to ring and fill 
the gated off window providing the proper interface to a 
counter; (2) the other method involves monitoring the 
demodulated output at the color difference output terminals 
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of the CA3072. A zero beat signal, at the color difference 
outputs may be seen on an oscilloscope. 

When these adjustments are made, similar oscilloscope traces 
should be seen as shown in Fig. 20. 



Fig. 20(a) - CA3070 terminal No. 6 , oscillator waveform 
1. 1 Vp. p 3.58 MHz. 



Fig. 20(b) - CA3070 terminal No. 7, oscillator waveform 
1.4 V p .p 3.58 MHz. 



Fig. 20(c) - CA3070 terminal No. 8, oscillator waveform 
1.6 V p .p 3.58 MHz. 

CA3071 CIRCUIT OPERATION 

The CA3071 IS the basic amplifier and control circuit of the 
chroma system'. It contains the gain control functions of the 
ACC loop, tbe color killer, and the dc chroma gain control. 
The CA3071 is a wide band amplifier having two stages of 
voltage gain. Curves of frequency-response and linearity are 
shown in Figs. 12 & 13 for the wideband circuits shown in 
Fig. 11. This is the same basic amplifier as the one in the 
system sbpyv^fh Fig. 18 except for the omission of the tuned 
circuits loop connection. The amplifiers have 

bandwidth^of greater than 10 MHz. and are usable well 
beyond 30£MHz. The signal swing of the wide band amplifier 
is in exce$£ of 5 Vp.p., even with the typical load coupling as 
shown in Fig. 18. Fig. 21 (a, b and c) show the oscilloscope 
traces for an NTSC signal at the chroma input. The overall 
frequency-response curves are shown in Fig. 22. 

CA3071 operation is as follows (Refer to Figs. 10 & 18). The 
input chroma signal is applied to terminal No. 2. This signal 
is amplified in a cascode differential circuit from Qiq to Qt2 



Fig. 21(a) - CA3071 chroma input 1.25 Vp.p; one horizontal 
line of NTSC input signal. 



Fig. 21(b) - CA3071 terminal No. 6, amplifier No. 1 chroma 
output 2.3 Vp. p ; one horizontal line for 1.25 Vp.p chroma 
input 



Fig. 21(c) - CA3071 terminal No. 9 , amplifier No. 2 chroma 
output 5.5 V p . p ; one horizontal line for 1.25V p . p chroma 
input 


3.58 MHz ^ 



Fig. 22(a) - Frequency response sweep curve between 
terminal Nos. 2 & 6 for CA3071. f = 250 KHz/div. 



Fig. 22(b) - Frequency response sweep curve between 
terminal No. 2 of CA3071 and terminal No. 3 of CA3072. 
f = 250 KHz/div. 
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and the output is an emitter follower, Q14 (Terminal No. 
6.) The signal is divided in the Qg & Q12 differential 
amplifier, depending on the applied ACC error signal ampli- 
tude at terminal Nos. 1 & 14. The ACC error signal is de- 
rived from terminal Nos. 15 & 16 of the CA3070 and after 
filtering, is applied to terminal Nos. 1 & 14 of the CA3071. 

At low signal drive, the 390 kilohm resistor at switch SI 
(normally closed) unbalances the differential amplifier for 
high signal gain through Q-|2- As the burst level at the 
chroma input increases, the ACC drive changes differentially 
in a positive direction at terminal No. 14 and a negative 
direction at terminal No. 14 and a negative direction 
at terminal No. 1. At strong signal levels the gain is 
reduced by diverting the balance of ac current in the 
differential amplifier from Q-J2 to Qg, which is shunted to 
ac ground at terminal Nos. 12 and 13. The ACC loop is 
completed through the chroma signal at terminal No. 6 of 
the CA3071 to terminal No. 14 (input) of the CA3070. A 
typical ACC characteristic is shown in Fig. 23. 

The chroma signal is buffer connected from terminal No. 6 
to terminal No. 7 of the CA3071 and is amplified in the 2nd 


AM 

to 








13 









1 








w 1500 : - 




:: 












17 

O II 




::: 












5 * 

J 1250 - - 




1 












16 “ 

















5 

Y I I 




1?: 












O 

a. — 

6 II 


6 














O 

<0 

. ~ - 




l V- 












- |4 Z 

^750 j " 


-- 














-J 

Cl 1 1 

<0 
















Z 

6 500 




::: 












: |3 l 

-J 1 1 

< I J 




::: 












Ul 

*- 

I 250 




::: 












\\z 

§ - \\ 




::: 












'■ II 


0 250 500 750 1000 1250 1500 

NTSC CHROMA INPUT SIGNAL— mVp-p 92CS-I7572 


Fig. 23 - Typical ACC characteristics for chroma system 
of Fig. 18 

stage of voltage gain. Both the color killer adjustment and the 
dc chroma gain control are applied to the 2nd stage to 
control the chroma output at terminal No. 9. The color killer 
section of the CA3071 is a Schmitt trigger & amplifier circuit 
consisting of transistors Q^, Q2 and Q3. Under maximum 
chroma output conditions, the diode D2 is reversed biased, 
and the signal path is through Q15, Q4 and Q5 to terminal 
No. 9. When the color killer circuit is actuated, or the 
chroma gain control is adjusted to a higher positive voltage at 
terminal No. 10, the anode voltage of diode D2 is increased 
to draw current from the signal path at the emitter of Q4. 
This decreases the chroma gain as the potential at terminal 
No. 10 is increased. When the potential at terminal No. 10 
is the same as terminal No. 8, the chroma output at terminal 
9 is cutoff. 


CA3070, CA3071, CA3072 

The color killer circuit provides an abrupt voltage swing at 
the anode of D2 to cutoff the chroma output when the 
Schmitt trigger circuit is forward biased at terminal No. 13. 
In the circuit of Fig. 18, the color killer adjustment is a 
resistance divider circuit which establishes the threshold of 
burst level at which the killer operates the chroma amplifier. 


CA3072 CIRCUIT OPERATION 

The CA3072 is a chroma demodulator having full color 
difference signal demodulation capability. The chroma signal 
is applied to terminal Nos. 3 & 4 and the reference subcarrier 
signal is applied to terminals Nos. 6 & 7 of the CA3072. 
The output color difference signals are B-Y at terminal 
No. 13, R-Y at terminal No. 11, and G-Y at terminal No. 9. 
The typical level of differential chroma drive required at 
terminal Nos. 3 & 4 is 400 mV p . p . The amplitude of 
chroma at terminal No. 6 & 7 is approximately 1.0 volt at 
104° relative phase difference which results in a B-Y output 
amplitude of 5V p . p . The voltages of the R-Y & G-Y outputs 
are at 3.8 and 1.0V p . p respectively, when there is 5V p . p 
output at B-Y. These comparative signals are based upon a 
complete phase rotation of the chroma relative to the 
subcarrier signal reference. The relative demodulation phase 
and amplitude ratios of the Fig. 18 circuit are shown in the 
oscilloscope trace photographs of Fig. 24. Using the hue 
control setting for B-Y phase at the B-Y output, the G-Y 
color-difference signal is approximately —104° and the R-Y 
color-difference signal is approximately +106°. Since the 
amplitude ratios are a function of the applied signal phase 
relationship, the NTSC color difference output signals are 
shown here primarily for phase reference conditions. 



Fig. 24(a) - CA3072 - terminal No. 3 or 4, chroma input 
signal, 220 mVp. p ,one horizontal line 



Fig. 24(b) - CA3072 - terminal No. 6 or 7, reference sub- 
carrier 1.2 Vp. p ,one horizontal line 
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Fig. 24(c) * CA3072 terminal No. 13, 4.8 v p . p B-Y output 
one horizontal line 



Fig. 24(e) - CA3072 - terminal No. 11, 5.2 v p . p R-Y output 
one horizontal line 



CHROMA SYSTEM CONSTRUCTION 

Fig. 25 shows the complete CA3070, CA3071 and CA3072 
chroma system in the Fig. 18 circuit. Table I lists the dc 
terminal voltages for the system. The chroma gain and hue 
controls, as well as the switches SI and S2 are removed. The 


Fig. 24(d) - CA3072 - terminal No. 9, 1.2 v p . p G-Y output . 
one horizontal line 



template circuit board layout is also shown for duplication 
purposes. It should be noted that a few component values are 
modified in Fig. 18 from the dynamic circuit values of the 
data sheet. These are necessary for system matching and 
overall filter requirements. 

TABLE 1 TYPICAL CHROMA SYSTEM TERMINAL 
DC VOLTAGES (NO SIGNAL INPUT) 


Fig. 25 (a) - Circuit layout and template (printed circuit board) for 
TV chroma system CA3070, CA3071, and CA3072. 



FULL SIZE 

(b) — Printed circuit board template. 
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OUCBZ/D Linear Integrated Circuits 

Solid State Monolithic Silicon 

Division 

CA3075 



14-lead dual-in-line plastic pack- 
age, leads in quad-formed arrange- 
ment. 

H-1596 


FM IF Amplifier - Limiter, 

Detector, and Audio Preamplifier 

For FM IF Amplifier Applications Up To 20 MHz In 
Communications Receivers And High-Fidelity Receivers 

Features: 

• Good sensitivity: Input limiting voltage (knee) =250 /xV typ. at 10.7MHz 

• Excellent AM rejection: 55 dB typ. at 10.7MHz 

• Internal Zener diode regulation for the IF amplifier section 

• Low harmonic distortion 

• Differential peak detection: Permits simplified single-coil tuning 

• Audio preamplifier voltage gain: 21 dB typ. 

• Minimum number of external parts required 


RCA CA3075 is an integrated circuit which provides, 
in a single monolithic chip, an FM IF subsystem for 
Communications and High-Fidelity ReceiverSc This de- 
vice, shown in the schematic diagram (Fig. 2), con- 
sists of a multistage IF amplifier-limiter section with 
a Zener regulated power supply, an FM detector stage, 
and an AF preamplifier section. A typical application 
of the CA3075, in FM receiver circuits, is shown in the 
block diagram (Fig. 1). 

The three-stage, emitter-follower-coupled IF amplifier 
section provides a 60-dB typ. voltage gain at an operat- 
ing frequency of 10.7 MHz and features, because of its 


transistor constant-current sink, an output stage with 
exceptionally good limiting characteristics. 

The FM detector section, which utilizes a differential- 
peak-detection circuit, requires only a single coil in the 
associated outboard detector circuit; hence, tuning the 
detector circuit is a simple procedure. 

The audio preamplifier circuit provides a 21-dB voltage 
gain with low impedance output for driving subsequent 
audio amplifier stages. 

The CA3075 utilizes a 14-lead dual-in-line plastic pack- 
age with leads in a special quad-formed arrangement. 



Fig. 1 - Block diagram of typical FM receiver utilizing the CA3075 
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MAXIMUM RATINGS, Absolute-Maximum Values at T A - 25°C 


DC Supply Voltage [[between Terminals 5 (V + ) and 3 (V 

DC Current (into Terminal 5) 

Device Dissipation: 

Up to T a = 50° C 

Above T a =50°C 

Ambient Temperature Range: 

Operating 

Storage 

Lead Temperature (During soldering for 10 s max.) 


12.5 

V 

30 

mA 

760 

mW 

linearly 7.6 

mW/°C 

— 55 to + 125 

°C 

~ 65 to + 150 

°C 

+265 

°c 


ELECTRICAL CHARACTERISTICS at T A = 25° C 





LIMITS 



TEST 

CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 




UNITS 

CIRCUIT 

MIN. 

TYP. 

MAX. 





FIG. NO. 

Static Characteristics 

DC Voltage: 








At Terminal 7 

V 7 


- 

6.1 

- 

V 


At Terminal 8 

V 8 

V + = 11.2 V 

- 

5.4 

- 

V 

6 

At Terminal 12 

Vi 2 


- 

5.2 

- 

V 


DC Current (into Terminal 5): 








At V + = 8.5 V 



8.5 

15 

- 

mA 


At V + = 11.2 V 

'5 

- 

- 

17.5 

- 

mA 

6 

At V + = 12.5 V 



- 

19 

29 

mA 


Dynamic Characteristics at V + 

= 11.2 







IF AMPLIFIER 


f 0 = 10.7 MHz 






Input Limiting Voltage 

V| (lim) 

f (Modulation) = 400 Hz 

- 

250 

600 

MV 

3 

(knee, -3dB point) 


Deviation = ±75 kHz 








f 0 = 10.7 MHz 






AM Rejection 

AMR 

f (Modulation) = 400 Hz 

FM: Deviation = ±75 kHz 

AM: Modulation = 30% 

- 

55 

- 

dB 

5 

Input Impedance Components: 








Parallel Resistance 

R| 

f 0 = 10.7 MHz 

- 

4.5 

- 

kfi 


Parallel Capacitance 

C| 

V|n = 10mV RMS 

- 

4.5 

- 

PF 


DETECTOR 

Recovered AF Voltage (at 


f 0 = 10.7 MHz 






Terminal 12) 

V 0 (AF) 

f (Modulation) = 400 Hz 

- 

1.5 

- 

V 

3 

Total Harmonic Distortion 

THD 

Deviation = ±75 kHz 

- 

1 

2 

% 


AUDIO PREAMPLIFIER 

Voltage Gain 

A(AF) 

V (N = lOOmV, f 0 = 400 Hz 

_ 

21 

_ 

dB 

4 

Total Harmonic Distortion 

THD 

VqUT = 2 V, f Q = 400 Hz 

- 

1.5 

5 

% 

4 
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Fig. 2 - Schematic diagram of CA3075 



Fig.3 — Test Circuit for input limiting voltage, recovered 
AF voltage, and total harmonic distortion 
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TEST PROCEDURE 

VOLTAGE GAIN: DISTORTION: 

1. SET AUDIO GENERATOR FOR V, . 100 mV RmS 1. SET AUDIO GENERATOR FOR V 0 » 2V RMS 

2. READ v 0 2. READ DISTORTION IN % 

3. GAIN • 20 LOG |0 V 0 /v, 

92SS-4S*/ 


Fig.4 — Test circuit for audio preamplifier voltage gain 
and total harmonic distortion 



8. TUNE WAVE ANALYZER FOR PEAK READING AT 400Hi 


9. RECORD AM V 0 (AF) 


AM REJECTION - 20 LOGjo 


FM-.Vq(AF) 

AMSVqIAF) 


97SS-4S66 


Fig.5 — Test circuit for AM rejection 



Fig. 6-Test circuit for static characteristics 
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Solid State 
Division 


Linear Integrated Circuits 

CA3076 



High-Gain Wide-Band 
IF Amplifier-Limiter 

For FM IF Amplifier Applications 
in Communications Receivers 


Features: 

• exceptionally good sensitivity: input limiting voltage (knee) = 50/iV 
typ. at 10.7 MHz 

• high gain: 80 dB with 2-kilohm load 

• internal voltage supply regulator 

• wide frequency capability: > 20 MHz 


RCA CA3076, monolithic integrated circuit, is a high- 
gain wide-band amplifier-limiter for use in the IF sec- 
tions of Communications and High-Fidelity FM Receivers. 
The CA3076, shown in the schematic diagram (Fig. 2), 
consists of a four stage IF amplifier-limiter section 
with a voltage regulator section. A typical application 
of the CA3076 in FM receiver circuits is shown in the 
block diagram (Fig. 1). 


The four-stage emitter-follower-coupled IF amplifier 
section provides an 80-dB voltage gain with a 2-kilohm 
load at a frequency of 10.7 MHz. The output stage has 
exceptionally good limiting characteristics because of 
its transistor constant-current sink. The voltage re- 
gulator section provides zener-regulated, decoupled volt- 
ages for the IF amplifier. 

The CA3076 utilizes an hermetically-sealed 8-lead TO-5 
package. 



92SS-4569 


Fig. 1 - Block diagram of typical FM receiver utilizing the CA3076. 
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MAXIMUM RATINGS, Absolute Maximum-Values at T A = 25° C 

DC Supply Voltage [between Terminals 7 (V + ) and 3(V“)] 15 V 

DC Current (into Terminal 7) 35 mA 

Device Dissipation: 

Up to T a = 50° C 500 mW 

Above T a = 50° C derate linearly 5 mW/°C 

Ambient Temperature Range: 

Operating - 55 to + 125 °C 

Storage - 65 to + 150 °C 

Lead Temperature (During Soldering): 

At distance 1/32 in (3.17 mm) from seating plane 

for 10 s max + 265 °C 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST 

LIMITS 

UNITS 

TEST 

CIRCUIT 

CONDITIONS 

MIN. 

TYP. 

MAX. 




FIG. NO. 

Static Characteristics - V + = 8.5 V 

DC Current (into Term. 7) 

'7 

- 

10 

15 

24 

mA 

3 

Quiescent Operating Current 
(into Term. 4) 

'4 ' 

- 

- 

0.65 

- 

mA 

3 

Dynamic Characteristics - V + 

= 8.5V, /< 

3 = 10.7MHz 






Input Limiting Voltage (knee, 

- 3dB point) 

V| (lim.) 

- 

- 

50 

200 

mV 

- 

Output Voltage 

Vo 

V| =20 / aV 

4 

12 

- 

mV 

5 

Output Noise Voltage 

V N 

V, =0 

- 

1 

- 

mV 

5 

Forward Transfer Admittance: 








Magnitude 

M 

V| = 

- 

6 

- 

mho 

4 

Phase 

021 

10/zV 

- 

80 

- 

degrees 

Reverse Transfer Admittance: 








Magnitude 

M 


- 

0.1 

- 

/xmho 


Phase 

012 


- 

-90 

- 

degrees 


Input-Impedance Components: 








Parallel Resistance 

R l 


- 

7.5 

- • 

kQ 


Parallel Capacitance 

c l 


- 

4 

- 

PF 


Output-Impedance Components: 








Parallel Resistance 

R o 


50 

- 

- 

kfi 


Parallel Capacitance 

Co 


- 

1.7 

- 

PF 
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v* 

< 3 > 



Notes: 

Terminal No. 5 wire-connected to the case. 

Terminals No. 3 and 6 which ore connected to the substrate 
should be connected to the most negative point in the circuit. 
The resistance values included on the schematic diagram 
have been supplied as a convenience to assist Equipment 
Manufacturer's in optimizing the selection of "outboard" 
components of equipment designs. The values shown may 
vary as much as 1-30%. 

RCA reserves the right to make any changes in the Resist- 
ance Values provided such changes do not adversely affect 
the published performance characteristics of the device. 


92SS-4560 


Fig. 2 -Schematic diagram of CA3076. 



92SS-4S54 



Fig. 3 - Test circuit for DC current (Terminal 7) Fig. 4 - Forward transfer admittance (Y2j) 

and operating current (Terminal 4). test circuit 
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OUTPUT VOLTAGE: 

?. SET ATTENUATOR TO OdB 

2. SET RF GENERATOR TO 20 pV CW 

3. READ V 0 IN mV 
OUTPUT NOISE VOLTAGE: 

1. SET ATTENUATOR TO 60 dB 

2. READ V 0 IN mV 


MURATA FILTER 
TYPICAL VALUES 

r in = Rout = 330 n 

INSERTION LOSS = 6dB TYP. 
BANDWIDTH (AT -3dB) = 240 kHt 


92SS-457I 


Fig. 5- 10.7 MHz voltage gain and noise test circuit 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3078S CA3078T 

CA3078AS CA3078AT 



8-LEAD TO-5 
with Dual-In-Line 
Formed Leads 
("S" Suffix) 
H-1787 



8-LEAD TO-5 
("T" Suffix) 

H -1528 


Micropower Operational Amplifier 


Features: 

■ Low standby power: as low as 700 nW 

■ Wide supply voltage range: ±0.75 to ±15 
o High peak output current: 6.5 mA min. 

■ Adjustable quiescent current 

■ Output short-circuit protection 



Applications: 

n Portable electronics 

■ Medical electronics 

■ Instrumentation 
n Telemetry 


v“ 

NOTE . PIN B IS INDICATED BY THE CASE INDEX TAB 
92CS- I7552RI 

Fig. 1 — Functional diagram of the CA3078T 
and CA3078AT. 


The RCA CA3078T* and CA3078AT* are high-gain 
monolithic operational amplifiers which can deliver milli- 
amperes of current yet only consume microwatts of standby 
power. Their operating points are externally adjustable and 
frequency compensation may be accomplished with one 
external capacitor. The CA3078T and CA3078AT provide 
the designer with the opportunity to tailor the frequency 
response and improve the slew rate without sacrificing 
power. Operation with a single 1.5-volt battery is a practical 
reality with these devices. 

* Formerly developmental type TA5807 
A Formerly developmental type TA5807X 


The CA3078AT is a premium device having a supply voltage 
range of V ± = 0.75V to V* = 15V and an operating 
temperature range of-55°C to +125°C. The CA3078T has 
the same lower supply voltage limit but the upper limit is V + 
= +6V and V~=-6V. The operating temperature range is from 
0°C to +70°C. 

The CA3078 and CA3078A are supplied in either the 
standard 8-lead TO-5 package ("T" suffix), or in the 
8-lead dual-in-line formed-lead "DIL-CAN" package ("S" 
suffix). 
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ELECTRICAL CHARACTERISTICS 
For Equipment Design 


CHARACTERISTICS 

SYMBOLS 

TEST 

CONDITIONS 

CA3078AT LIMITS 

R SET = 51 M^Jq = 20 mA 

u 

N 

1 

T 

S 

1 

R s 

r l 

bhm 

Ta =-55 to 
125°C 


TYP 


MIN 

MAX 

Input Offset Voltage 

V| 0 



<10 

- 

- 

0.70 

3.5 

- 

IB 

mV 


ho 

- 


- 


K2J 

- 



Input Bias Current 

h b 

- 


— 

ma 

■a 

- 


mm 

Open-Loop Diff . Voltage Gain 

a ol 

- 


mm 

HE3 

- 

mem 

- 

mm 

Total Quiescent Current 

'q 

- 

- 

- 


HI 

- 

wm 

l&l 

Device Dissipation 

P D 

- 

- 

- 

mem 

ESI 



EH 

Maximum Output Voltage 

V OM 

6 

- 

MEM 

1221 


- 

mu 

B 

B 

Common-Mode Input Voltage 
Range 

V ICR 



<10 

■ 

■ 

E 

H 

B 

m 

B 

V 

Common-Mode Rejection Ratio 

CMRR 


- 

h:l»I 

im 

- 


- 

dB 

Maximum Output Current 



- 

- 

12 

- 


BjQ 

mA 

Input Offset Voltage Sensitivity: 
Positive 

m 

<10 

- 



B 

- 

- 

uV/V 

Negative 

QQ£Q|||[ 

- 

76 


- 

- 

- 









Input Offset Voltage 

V IO 

1 

1 

<10 

~ 

- 



- 

B 

mV 

Open-Loop Diff. Voltage Gain 

a ol 

— 

MSI 

wm 

KE3 

- 


■ 

mm 

Total Quiescent Current 

*Q 

H2 

- 

- 

- 

■KQj 

H[ 

- 

■BE 

ES 

Device Dissipation 

p D 



- 

- 

- 

600 

750 

- 

B1M 

13ZBB 

Maximum Output Voltage 

V OM 

- 


5BE£ 

BE O 


BEH 

■ 

V 

Common-Mode Rejection Ratio 

CMRR 

jjBH3 

9 

■ 

|bj 

B 

- 


dB 

Input Bias Current 

he 

- 

- 

- 

7 

■a 

- 



Input Offset Current 

ho 

- 

- 

- 

0.50 

EH 

- 

1EE 

nA | 


MAXIMUM RATINGS, Absolute Maximum Values at T A = 25°C 

CA3078AT 

CA3078T 

DC Supply Voltage (between V + and V' terminal 

36V 

14V 

Differential Input Voltaqe 

±6V 

±6V 

DC Input Voltaqe 

V + to V* 

V + to V* 

Input Signal Current 

0.1 mA 

0.1 mA 

Output Short-Circuit Duration* 

No Limitation 

No Limitation 

Device Dissipation 

50 mW (up to 125°C) 

500 mW (up to 70°C) 

Temperature Range: 



Operating 

-55 to +125°C 

0 to +70°C 

Storage 

-65 to +150°C 

-65 to +150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 in. (1.59 ±0.79 mm) 



from case for 10s max. 

+300°C 

+300°C 

‘Short circuit may be applied to ground or to either supply. 
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ELECTRICAL CHARACTERISTICS 
For Equipment Design 


CHARACTERISTICS SYMBOLS 


Input Offset Voltage 
Input Offset Current 


Input Bias Current 


Open-Loop Diff. Voltage Gain 
Total Quiescent Current 
Device Dissipation ” 


Maximum Output Voltage 


Common-Mode Input Voltage V|CR 

Range 

Common-Mode Rejection Ratio CMRR 

Maximum Output Current *OM +or *OI 

Input Offset Voltage Sensitivity: 

Positive AVjq/AV 


Input Offset Voltage 
Open-Loop Diff. Voltage Gain 
Total Quiescent Current 


Common-Mode Rejection Ratio 


Input Bias Current 
Input Offset Current 


TEST 

CONDITIONS 

V + 

& 

V* 

R s 

Kf2 

r L 


CA3078T LIMITS 



SUPPLY VOLTS V+= + 6,V~ 

- -6 
T. 1 = 

?5»C 







SOURCE RESISTANCE <R S 

<10 Kft 

































































































■ 

i 



z 


CA3078T 













__ 



-1 

_CA3078AT 














I 

z 










2 468 2 468 2 468 

I 10 100 1000 

TOTAL QUIESCENT MICROAMPERES (Iq ) 

92CS- 19632 

Fig. 3 — Input offset voltage vs. total quiescent current. 


SUPPLY VOLTS V+* + 6,V 
AMBIENT TEMPERATURE (T A )*25°C 



TOTAL QUIESCENT MICROAMPERES (Iq) 

92C 

Fig.4 — Input offset current vs. total quiescent current. 
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ELECTRICAL CHARACTERISTICS, at T A = 25°C 
Typical Values Intended Only for Design Guidance 


CHARACTERISTICS 

SYMBOLS 

TYPICAL VALUES 1 

UNITS 

CA3078AT 

CA3078T 

V + = + 1.3V. 

V'=-1.3V 
Rop T = 2 Mf2 

V + = +0.75V, 

V‘ = -0.75V 

R SET = 10 

Iq = 1^A 

V + = +1.3V, 

V~= -1 ,3V 
Rorr = 2 Mf> 

• q-IOPA 

V + = 0.75V. 

V“= -0.75V 

R SET = 10 

Iq = 1 JUA 

V IO 

0.7 

0.9 

1.3 

1.5 


1 1 0 

0.3 

0.054 

BHUIHKIS 


HB3H 

1 1 B 

3.7 

0.45 

9 

1.3 

WEJM 

_i 

O 

< 

84 

65 

80 

60 


'q 

lO 

: U B 

: ■ 

u 

WEMM 

p D 

26 

1.5 

26 

1.5 

JUW I 

V OPP 

1 .4 

0.3 

1 .4 

0.3 



-0.8 

-0.2 


-0.2 


V ICR 

to 

to 


to 

V 


+1.1 

+0.5 


+0.5 

mam 

CMRR 

100 

90 

100 

90 

dB 1 

'OM 1 

12 

0 5 

12 

0.5 


Av, 0 /Av± 

20 

50 

20 

50 



Typical Values Intended Only for Design Guidance at T A = 25°C and V + = +6 V, V~ = 6 V 


CHARACTERISTICS 

SYMBOLS 


CA3078AT 

CA3078T 

UNITS 

Rcct = 5.1 Mn 
-Q = 20MA 

r SET ” 1 

Iq = 100 (JA 

Rg£y = 1 mH 
Iq = 100 /iA 

Input Offset Voltage Drift 

AV| 0 /AT a 


5 

6 

6 

PKM| 

Input Offset Current Drift 

AV,q/At a 


6.3 

70 

70 

W32BBM 

Open-Loop Bandwidth 

BWql 

3dB pt. 

0.3 

2 

2 

kHz! 




0.027 

0.04 

0.04 


Comparator 

0.5 

1.5 

1.5 

Transient Response 


10% to 90% 
Rise Time 

3 

2.5 

2.5 

JUS 

Input Resistance 

R r 


7.4 

1.7 

0.87 


Output Resistance 

R o 


hhbdhhi 

0.8 

0.8 

kH 

Equiv. Input Noise Voltage 


R S = 0 

40 

- 

25 , 

nV/\/Hi 

Equiv. Input Noise Current 


R$ = 1 Mil 

0.25 

- 

1 

pA/\^Hz 
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OUTPUT VOLTAGE SWING (Vopp) — VOLTS I BIAS-SETTING RESISTANCE(Rset) _ _ INPUT BIAS NANOAMPERES (I IB 







COMMON MODE INPUT VOLTAGE RANGE (V ICR ) 



INPUT BIAS NANOAMPERES (I IB )—CA3078T 
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Q. 
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5 

B 

3 










aa 



IB 


■ 

■ 

■ 

IB 

B 


■: 

a 

a 










is 


iai 







B 

B 

ai 






B 

B 

at 

a 

Bl 


aa 

S 85 

80 


■■i 







a 

a 

ai 



a 

■at 




B 




aa 


Ml 







B 

a 

■i 



a 

■ai 




a 




aa 


Ml 

±t 

±t 

±± 

±t 



±t 

±± 

±± 



a 

■ai 










-75 -50 -25 O 25 50 75 100 125 

AMBIENT TEMPERATURE (T a ) — *C 

92CS- 19624 


Fig. 16 — Open-loop voltage gain vs. temperature. 




Fig. 18 — Equivalent input noise voltage vs. frequency. 


Fig. 19 — Equivalent input noise current vs. frequency. 



CLOSED-LOOP NON-INVERTING VOLTAGE GAIN dB 

0 6 19.1 29.7 40 50 60 70 

CLOSED-LOOP INVERTING VOLTAGE GAIN dB 


Fig.20 — Slew rate vs. closed-loop gain 
for Iq = 100 \JA- CA3078T. 



Fig.21 — Slew rate vs. closed-loop gain 
for Iq = 20 flA - CA3078A T. 
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INI 


SUPPLY VOLTS: V + - 6, V * -6 

TRANSIENT RESPONSE: 10% OVERSHOOT FOR AN OUTPUT 
VOLTAGE of 100 mV 

OUTPUT VOLTAGE (V Q ) = ±5V 

LOAD RESISTANCE (Rj_) = 10 kQ. 

AMBIENT TEMPERATURE (T A ) = 25°C 


COMPENSATION 

TECHNIQUE 


UNITY GAIN (INVERTING) Fig. 22 


UNITY GAIN (NON-INVERTING) Fig. 23 


CA3078T — l Q = 100 jUA 


Single Capacitor 


CA3078AT — I q = 20 JIA 


lEssmi 
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File No. 535 


CA3078, CA3078A 


OPERATING CONSIDERATIONS 
Compensation Techniques 

The CA3078AT and CA3078T can be phase-compensated 
with one or two external components depending upon the 
closed-loop gain, power consumption, and speed desired. The 
recommended compensation is a resistor in series with a 
capacitor connected from terminal 1 to terminal 8. Values of 
the resistor and capacitor required for compensation as a 
function of closed loop gain are shown in Figs. 24 and 25. 
These curves represent the compensation necessary at 
quiescent currents of 20 n A and 100 /iA, respectively, for a 
transient response with 10% overshoot. Figs. 21 and 22 show 
the slew rates that can be obtained with the two different 
compensation techniques. Higher speeds can be achieved 
with input compensation, but this increases noise output. 


Compensation can also be accomplished with a single 
capacitor connected from terminal 1 to terminal 8, with 
speed being sacrificed for simplicity. Table 1 gives an 
indication of slew rates that can be obtained with various 
compensation techniques at quiescent currents of 20 /iA and 
100 /iA. 

Single Supply Operation 

The CA3078AT and CA3078T can operate from a single 
supply with a minimum total supply voltage of 1.5 volts. 
Figs. 27 and 28 show the CA3078AT or CA3078T in 
inverting and non-inverting 20-dB amplifier configurations 
utilizing a 1.5-volt type "AA" cell for a supply. The total 
power consumption for either circuit is approximately 675 
nanowatts. The output voltage swing in this configuration is 
300 mV p-p with a 20 k£2 load. 


INVERTING Rfr 



Value of Rg required to have a 
null adjustment range of ±7.5 mV 

0 7.5 x 10-3 

assuming R B > > Rj 

92CS-208I3RI 


NON-INVERTING 



92CS-208I2RI 


Fig.26 — Offset voltage null circuits. 



92CS-I7555R2 “ 92CS-I7557R2 

Fig.27 — Inverting 20-dB amplifier circuit. Fig.28 — Non-inverting 20-dB amplifier circuit. 
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File No. 475 



Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3080, CA3080A Types 



Operational Transconductance 
Amplifiers (OTA’s) 

Gateable-Gain Blocks 


Features: 


Applications: 


■ Slew rate (unity gain, compensated): 50 V/ps 

■ Adjustable power consumption: 10/uW to 30 mW 

■ Flexible supply voltage range: ±2Vto±15V 

■ Fully adjustable gain: 0 to g m Ri_ limit 

■ Tight g m spread: CA3080 (2:1), CA3080A (1.6:1) 

■ Extended g m linearity: 3 decades 


■ Sample and hold 

■ Multiplex 

a Voltage follower 

■ Multiplier 

■ Comparator 


The RCA-CA3080 and CA3080A are Gateable-Gain Blocks 
which utilize the unique Operational Transconductance Ampli- 
fier (OTA) concept described in Application Note ICAN-6668, 
"Applications of the CA3080 and CA3080A High-Performance 
Operational Transconductance Amplifiers". 

The CA3080 and CA3080A have differential input and a 
single-ended, push-pull, class A output. In addition, these types 
have an amplifier bias input which may be used either for 
gating or for linear gain control. These types also have a high 
output impedance and their transconductance (g m ) is directly 
proportional to the amplifier bias current (I ABC) - 
The CA3080 and CA3080A are notable for their excellent 
slew rate (50 V/p s), which makes them especially useful for 
multiplex and fast unity-gain voltage followers. These types 
are especially applicable for multiplex applications because 
power is consumed only when the devices are in the "ON" 
channel state. 


The CA3080A is rated for operation over the full military- 
temperature range (—55 to +125°C) and its characteristics 
are specifically controlled for applications such as sample- 
hold, gain-control, multiplex, etc. Operational transconduc- 
tance amplifiers are also useful in programmable power-switch 
applications, e.g., as described in Application Note ICAN-6048, 
"Some Applications of a Programmable Power Switch/Ampli- 
fier" (CA3094, CA3094A, CA3094B). 

These types are supplied in the 8-lead TO-5 style package 
(CA3080, CA3080A), and in the 8-lead TO-5 style package with 
dual-in-line formed leads ("DIL-CAN", CA3080S, CA3080AS). 
The CA3080E is also supplied in the 8-lead dual-in-line 
plastic ("MINI -DIP") package (CA3080E), and in chip form 
(CA3080H). 



NOTE: PIN 4 IS CONNECTED TO CASE 

9ZCS-24770 



92CS -24771 


TO-5 Style Package 


Plastic Package (CA3080E) 

Fig. 1 -Functional diagrams. 
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File No. 475 


CA3080, CA3080A 


ELECTRICAL CHARACTERISTICS 

For Equipment Design CA3080 



ELECTRICAL CHARACTERISTICS 

Typical Values Intended Only for Design Guidance CA3080 
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CA3060, CA3080A 


File No. 475 


ELECTRICAL CHARACTERISTICS 
For Equipment Design 



ELECTRICAL CHARACTERISTICS 

Typical Values Intended Only For Design Guidance 


Amplifier Bias Voltage 


Slew Rate: 

Maximum (uncompensated) 


Unity Gain (compensated) 


Open-Loop Bandwidth 


Input Capacitance 


Output Capacitance 


Output Resistance 


Input-to-Output Capacitance 
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File No. 475. 


CA3080, CA3080A 


MAXIMUM RATINGS, Absolute-Maximum Values at 


Ta=25°C 

DC SUPPLY VOLTAGE (between V+ and V“ terminals) . . 36 V 

DIFFERENTIAL INPUT VOLTAGE ±5 V 

DC INPUT VOLTAGE V+ to V - 

INPUT SIGNAL CURRENT 1mA 

AMPLIFIER BIAS CURRENT 2 mA 

OUTPUT SHORT-CIRCUIT DURATION* Indefinite 

DEVICE DISSIPATION 125 mW 

TEMPERATURE RANGE: 

Operating 

CA3080 0 to + 70 °C 

CA3080A -55 to + 1 25 °C 

Storage —65 to + 1 50 °C 

LEAD TEMPERATURE (During Soldering): 

At distance 1 /1 6 ± 1 /32 in. ( 1 .59 ± 0.79 mm) 
from case for 10 s max +265 °C 


* Short circuit may be applied to ground or to either supply. 



Fig.2 — Schematic diagram for CA3080 and CA3080A. 


TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS FOR THE CA3080 AND CA3080A 



I 2 4 6 81 2 4 6 8 I 2 4 6 8 I 2 4 6 0 | 

0.1 I 10 100 1000 

AMPLIFIER BIAS MICROAMPERES ( IaBC> 

92CS -17588 


Fig. 3 — Input offset voltage vs. amplifier bias current. 
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Fig. 5 — Input bias current vs. amplifier bias current. 



Fig.4 — Input offset current vs. amplifier bias current. 
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Fig. 6 — Peak output current vs. amplifier bias current. 
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DEVICE DISSIPATION (PqI I ^COMMON^MODE INPUT VOLTSJVicr) 


522 





SUPPLY VOLTS! V + «+l5,V 


6 e I 2 4 6 8 | 2 4 6 8 I 2 4 6 t 


Fig.7 — Peak output voltage vs. amplifier bias current. 


Fig.8 — Amplifier supply current vs. amplifier bias current. 




I 2 4 6 8] 2 4 68] 2 4 6 0| 2 4 6 8| 

I I 10 100 1000 

AMPLIFIER BIAS MICROAMPERES (I ABC ) 


Fig. 9 — Total power dissipation vs. amplifier bias current. 


Fig. tO- Leakage current test circuit. 




AMBIENT TEMPERATURE <T A ) — C* 


Fig. 11 — Leakage current vs. temperature. 


Fig. 12 — Differential input current test circuit 










INPUT DIFFERENTIAL VOLTS 


92CS-I7598 

Fig. 13 — Input current vs. input differential voltage. 


SUPPLY VOLTS: V +=+l5,V - = -15 
AMBIENT TEMPERATURE (T A )=25°C 
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Fig. 15 — Input resistance vs. amplifier bias current. 


AMPLIFIER BIAS MICROAMPERES (I ABC ) 

92CS- 

Fig. 14 — Transconductance vs. amplifier bias current. 
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Fig. 16 — Amplifier bias voltage vs. amplifier bias current. 
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Fig. 17 — Input and output capacitance vs. amplifier bias current. 
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CA3080, CA3080A . File No. 475 

TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS (Coat'd) 


V + 



92CS- 17604 

Fig. 19 — Input-to-output capacitance test circuit. 



92CS-I7605 

Fig.20 - Input-to-output capacitance vs. supply voltage. 


V + * 15V 



V + = 15 V, V~= - 15 V 



92CS-24034 


Fig.21 — Schematic diagram of the CA3080 and CA3080A in a unity-gain voltage follower configuration and associated waveform. 



SLEW RATEON SAMPLE M0DE)= 1.3 V/ M s 
ACQUISITION TIME**3 /j.s 

" time required for output to settle 

WITHIN +3 mV OF A 4- VOLT STEP 


Fig.22 — Schematic diagram of the CA3080A 
in a sample-hold configuration. 


92CS- 17606 
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File No. 480 



Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3081, CA3081F 
CA3082, CA3082F 



16-Lead Dual-In-Line 
Frit-Seal (Hermetic) 

Package H-1807 

16-Lead Dual-ln-Line 

Plastic Package H-1622 


General-Purpose High-Current 
N-P-N Transistor Arrays 

CA3081 — Common-Emitter Array CA3082-Common-Collector Array 

Directly Drive 7-Segment Incandescent Displays 
and Light-Emitting-Diode (LED) Displays 

Features 

■ 7 transistors permit a wide range of applications in either a common-emitter 
(CA3081) or common-collector (CA3082) configuration 

B High lc*. 100 mA max. ■ Low Vqe ^ (at 50 mA): 0.4 V typ. 

Applications 

■ Drivers for: 

- Incandescent display devices (e.g. RCA NUMITRON DR2000 Series and lamps) 
LED (e.g. RCA-SG1002 GaAs High-Efficiency Emitting Diode) 

- Relay control —Thyristor firing 


RCA-CA3081* and CA3082* consist of seven high-current 
(to 100 mA) silicon n-p-n transistors on a common mono- 
lithic substrate. The CA3081 is connected in a common- 
emitter configuration and the CA3082 is connected in a 
common-collector configuration. 

The CA3081 and CA3082 are capable of directly driving 
seven-segment displays, such as the RCA NUMITRON 
devices (DR2000 and DR2010), and light-emitting diode 
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COMMON-EMITTER CONFIGURATION 

92CS-I7958 


(LED) displays. These types are also well-suited for a variety 
of other driver applications, including relay control and 
thyristor firing. 

The CA3081 and CA3082 are supplied in a 16-lead dual-in- 
line plastic package, and the CA3081F and CA3082F in a 
16-lead dual-in-line frit-seal ceramic package, which includes 
a separate substrate connection for maximum flexibility in 
circuit design. 

* Formerly developmental types TA5858 and TA6033, respectively. 



COMMON-COLLECTOR CONFIGURATION 

92CS- 17957 


Fig. 1 -Functional diagrams of types CA3081 and CA3082. 
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CA3081, CA3081F, CA3082, CA3082F 


File No. 480 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25°C 


Power Dissipation: 

Any one transistor 500 mW 

Total package 750 mW 

Above 55°C Derate linearly 6.67 mW/°C 


Ambient Temperature Range: 

Operating -55 to +125 °C 

Storage . —65 to + 150 °C 

Lead Temperature (During Soldering): 


At distance 1/16" ±1/32" (1.59 mm ±0.79 mm) 


from case for 10 seconds max . 

The following ratings apply for each transistor in the device: 

265 

°C 

Collector-to-Emitter Voltage (Vq^q) 

16 

V 

Collector-to-Base Voltage (Vqqq) . 

20 

V 

Collector-to-Substrate Voltage (Vqjq) H 

20 

V 

Emitter-to-Base Voltage (V^q) 

5 

V 

Collector Current (Iq) 

100 

mA 

Base Current (In) 

20 

mA 


The collector of each transistor of the CA3081 and CA3082 is 
isolated from the substrate by an integral diode. The substrate must 
be connected to a voltage which is more'negative than any collector 
voltage in order to maintain isolation between transistors and 


provide normal transistor action. To avoid undesired coupling 
between transistors, the substrate terminal (5) should be maintained 
at either DC or signal (AC) ground. A suitable bypass capacitor can 
be used to establish a signal ground. 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


For Equipment Design 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 


Typ. 

Char. 

Curve 

Min. 

Typ. 

Max. 

Fig. No. 

Collector-to-Base Breakdown Voltage 

V (BR)CES 

1C = 500 jUA, Ie = 0 

- 

20 

60 

- 

V 

Collector-to-Substrate Breakdown Voltage 

V(BR)CIO 

ICI = 500 juA, 1 e = 0, 1 B = 0 

- 



- 

KM 

Collector-to-Emitter Breakdown Voltage 

V(BR)CEO 

1 C = 1 mA, Ib = 0 

- 

m 

mm 

- 

KM 

Emitter-to-Base Breakdown Voltage 

V(BR)EBO 

1 c = 500 juA 

- 

5 

mm 

- 

HH 

DC Forward-Current Transfer Ratio 

hFE 

V C E = 0.5V, lc=30 mA 

- 


Kl 

- 

bh 

V C E = 0.8V, lc=50 mA 

- 

m 

K3 

- 

bh 

Base-to-Emitter Saturation Voltage 

VBE sat 

1C = 30 mA, Ib = 1 mA 

3 

- 


■El 

BSH 

Collector-to-Emitter Saturation Voltage: 

CA3081, CA3082 

V CE sat 

Iq = 30 mA, Ib = 1 mA 

■ 


0.27 

0.5 

V 

CA3081 

1C = 50 mA, 1 b = 5 mA 

4 

_ 

wa 

BO 

CA3082 

1C = 50 mA, Ib = 5 mA 

4 

- 

■a 

BO 

Col lector-Cutoff -Current 

'CEO 

VcE = iov, Ib - o 

- 

- 

- 

■9 


Collector-Cutoff Current 

>CBO 

VcB = 10 V, Ie = 0 

- 

- 

- 


KO 
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File No. 480 CA3081, CA3081 F, CA3082, CA3082F 

TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR OF TYPES CA3081 AND CA3082 
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COLLECTOR MILLI AMPERES (Ic> 

92CS-I7960 


Fig-3— V BEsat vs. l c 



TYPICAL READ-OUT DRIVER APPLICATIONS 



Fig.6— Schematic diagram showing one transistor of 
the CA3081 driving one segment of an incan- 
descent display. 



92CS- 17962 

Fig. 5— VcEsat vs - f C at T/\ = 70° C. 



■V f (LED) 


Vp 1 FORWARD VOLTAGE 
r no dp Aron«;c: thf 


I (LED) 

R- O FOR Vp= V BE +V F (LED) 

Fig. 7 -Schematic diagram showing one transistor of 
the CA3082 driving a light-emitting diode 
(LED). 
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File No. 481 



Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3083, CA3083F 



16-Lead Dual-1 n-Line 

Frit-Seal (Hermetic) H-1807 

Package ^ 

16-Lead Dual-ln-Line 
Plastic Package 


General-Purpose High- Current 
N-P-N Transistor Array 

Applications 

■ Signal processing and switching systems operating from DC to VHF 

■ Lamp and relay driver 

■ Differential amplifier 

■ Temperature-compensated amplifier 

■ Thyristor firing 

■ See RCA Application Note, ICAN-5296 "Application of the RCA-CA3018 
Circuit Transistor Array" for suggested applications 


RCA-CA3083 is a versatile array of five high-current (to 
100mA) n-p-n transistors on a common monolithic substrate. 
In addition, two of these transistors (Q1 and Q2) are 
matched at low currents (i.e. 1mA) for applications in which 
offset parameters are of special importance. 

Independent connections for each transistor plus a separate 
terminal for the substrate permit maximum flexibility in 
circuit design. The CA3083 is supplied in a 16-lead dual-in- 
line plastic package, and the CA3083F in a 16-lead dual-in- 
line frit-seal ceramic package. 


Features 

■ High Iq: 100mA max. 

■ Low VQ^ sat (at 50mA): 0.7 V max. 

■ Matched pair (Q1 and Q2)— 

V|Q (Vg£ matched): ± 5 mV max. 

I |Q (at 1 mA): 2.5 pA max. 

■ 5 independent transistors plus separate substrate connection 
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Fig. 1— Functional diagram of the CA3083. 


TYPICAL STATICiCHARACTERISTICS 
FOR EACH TRANSISTOR 



Fig. 2— h FE vs Iq 
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File No. 481 


CA3083, CA3083F 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25°C 


Power Dissipation: 

Any one transistor 500 mW 

Total package 750 mW 

Above 55°C Derate linearly 6.67 mW/°C 


Ambient Temperature Range: 

Operating -55 to +125 °C 

Storage -65 to +150 °C 

Lead Temperature (During Soldering): 

At distance 1/16" +1/32" (1.59 mm ±0.79 mm) 

from case for 10 seconds max 265 °C 


The following ratings apply for each transistor in the device: 


Collector-to-Emitter Voltage (Vq E q) 15 V 

Collector-to-Base Voltage (VQgg) 20 V 

Collector-to-Substrate Voltage (V C |q) " 20 V 

Emitter-to-Base Voltage (V E gg) 5 V 

Collector Current (Iq) 100 mA 

Base Current (I B ) 20 mA 


The collector of each transistor of the CA3083 is isolated from the substrate by an integral diode. The substrate 
must be connected to a voltage which is more negative than any collector voltage in order to maintain isolation 
between transistors and provide normal transistor action. To avoid undesired coupling between transistors, the 
substrate terminal (5) should be maintained at either DC or signal (AC) ground. A suitable bypass capacitor can 
be used to establish a signal ground. 


ELECTRICAL CHARACTERISTICS at T A = 25°C 
For Equipment Design 




TEST CONDITIONS 


LIMITS 



CHARACTERISTICS 

SYMBOL 


Typ. 

Char. 

Curve 

Min. 

Typ. 

Max. 

UNITS 




Fig. No. 





| For Each Transistor: j 

Collector-to-Base 
Breakdown Voltage 

V (BR)CBO 

l c = 100/iA, l E = 0 

- 

20 

60 

- 

V 

Collector-to-Emitter 
Breakdown Voltage 

V (BR)CEO 

Iq = 1mA, lg = 0 

- 

15 

24 

- 

V 

Collector-to-Substrate 
Breakdown Voltage 

V (BR)CIO 

l C l = 100/iA, lg = 0, 
'E= o 

- 

20 

60 

- 

V 

Emitter-to-Base 
Breakdown Voltage 

V (BR)EBO 

l E = 500/iA, l c = 0 

- 

5 

6.9 

- 

V 

Collector-Cutoff-Current 

'CEO 

v CE = iov, i B = 0 

- 

- 

- 

10 

ma 

Collector-Cutoff-Current 

'cBO 

V CB = 10V <' E = 0 

- 

- 

- 

1 

MA 

DC Forward-Current 
Transfer Ratio 

h FE 

lp= 10mA 
Vpc= 3V U 

l c = 50mA 

2 

40 

40 

76 

75 

_ 


Base-to-Emitter Voltage 

V BE 

V CE= 3V, l c = 10mA 

3 

0.65 

0.74 

0.85 

V 

Collector-to-bmitter 
Saturation Voltage 

< 

o 

m 

Iq = 50mA, lg = 5mA 

4 

- 

0.40 

0.70 

V 

For Transistors Q1 and Q2 (As a Differential Amplifier): j 

Absolute Input Offset 
Voltage 

hoi 

V CE = 3V, Iq= 1mA 

7 

- 

1.2 

5 

mV 

Absolute Input Offset 
Current 

I'ioI 

8 

- 

0.7 

2.5 

ma 
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TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR 




Fig. 4 — V CEvit vs I c at 25° C 



Fig.5— V CEsat vsl c at7(Pc 


1 SET DC FORWARD-CURRENT TRANSFER RATIO (h EE ) = 10 
AMBIENT TEMPERATURE (T A ) = 25°C 



COLLECTOR MILLIAMPERES (I c > 

92CS-I7767 


Fig.6- v B£sat vs l c 


TYPICAL STATIC CHARACTERISTICS FOR DIFFERENTIAL AMPLIFIER 




Fig. 7- V i 0 vs Iq (transistors Q 1 and Q2 as a differential Fi 9- 8 ~ / /q vs ! C ( transistors Q 1 and 02 as a differential 

amplifier ). amplifier ). 
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□UCB/7D 

Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 


CA3084 


0 

14-Lead Dual-In- Line 
Plastic Package 


General-Purpose P-N-P 
Transistor Array 


FEATURES 

■ Matched transistor pair (Q1 and 02) 

V|Q (V BE matched): ± 6mV max. 
I |0 (at 100 mA): ± 0.6 fiA 

■ Wide operating current range 

■ Low noise figure - - 3.2 dB typ. at 1 kHz 


RCA-CA3084* is a general-purpose silicon p-n-p transistor 
array incorporating two independent transistors, a Darlington 
circuit, and a current-mirror pair with a shared diode. 

The two independent transistors in the array may be used in 
a variety of circuit applications. The Darlington pair may be 
employed as the equivalent of a single high-beta transistor. 
The current-mirror pair is well suited for constant-current 
applications and can also be used as the active loads in a 
differential amplifier which uses n-p-n transistors. 


APPLICATIONS 

° General use in signal processing systems having low-power 
and low-frequency requirements 

□ Differential amplifiers 
n Temperature compensated amplifiers 

a Active loads for differential amplifiers using 
n-p-n transistors 

■ Complementary uses with RCA n-p-n transistor arrays 


The total array is especially useful for a wide range of 
applications in systems having low-power and low-frequency 
requirements. Although the transistors may be used as 
discrete units in conventional circuits, they offer the 
advantages inherent in integrated-circuit construction, that is, 
to provide close electrical and thermal matching. 

The CA3084 utilizes the 14-lead dual-in-line plastic package. 


•Formerly developmental type TA5799A. 



92CS- 17965 


Fig. 1 — Functional diagram of the CA3084. 


11-73 
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ELECTRICAL CHARACTERISTICS at T ft = 25°C 
For Equipment Design 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 


Typ. 
Charac- 
teristics 
Curve 
Fig. No. 

Min. 

Typ. 

Max. 

For Each Transistor: 

Collector-Cutoff Current 

'CBO 

V CB = -10V, l E = 0 

2 

- 

-0.055 

-100 

nA 

Collector-Cutoff Current 

'CEO 

V CE = -10V, l B = 0 

3 

- 

-0.12 

-100 

nA 

Collector-to-Emitter Breakdown Voltage 

V (BR)CEO 

Iq E = — 1 OOpA, 1 g = 0 

- 


-70 

- 

V 

Collector-to-Base Breakdown Voltage 



- 

-40 

-80 

- 

V 

Emitter-to-Base Breakdown Voltage 



- 



- 

V 

Emitter-to-Substrate Breakdown Voltage 


if ^ 

- 




V 

Collector-to-Emitter Saturation Voltage 



4 

- 

-0.125 

-0.25 

V 

Base-to-Emitter Voltage 

V BE 

l E = 100 mA, v ce = -10V 

5 

-0.50 



V 

DC Forward-Current Transfer Ratio 

h FE 

7 


40 

- 


[ For Transistors Q1 and Q2 (As a Differential Amplifier): 


fl 




mV 

Magnitude of Input Offset Voltage 

1 v iol 

Input Offset Current 

'lO 





ma 

| For Transistors Q3 and Q4 (Current-Mirror Configuration): 

V CE = -5V, V C | 0 = — 5V, 

Term. 13 = Gnd. 

I 5 = — 100/iA, 

10 

0.85 

1.00 

1.15 


Collector Current (Normalized) 


Magnitude of Collector Current Ratio 

|l c (Q3)/l c (Q4)| 






| For Transistors Q5 and Q6 (Darlington Configuration): 

V C E = -10V. I B = 0 



■ 



Collector-Cutoff Current 

'CEO 

Base-to-Emitter Voltage 

UJ 

CO 

> 

l E = IOOjuA, V CE = -10V 

13 

0.92 

1.07 

1.20 

V 

DC Forward-Current Transfer Ratio 

h FE 

15 

100 

1230 

- 



ELECTRICAL CHARACTERISTICS atT A = 25°C 
Typical Values Intended Only For Design Guidance 


Magnitude of Temperature Coefficient: 

Vg E (for each transistor) 

|AV BE /AT| 

l E = 100 mA, 

6 



Vjq (as a differential amplifier) 

|AV |0 /AT| 

v CE = -lov 

9 



Vg E (Darlington configuration) 

| av b E /at| 


14 



For Each Transistor: 

R l 

f = 1kHz, V CE = -10V, 

l c =-100pA 

19 

9 


Input Resistance 

Output Resistance 

R o 

20 

600 


Forward Transconductance 

! g m 

22 

- 3 


Collector-to-Base Capacitance 

C CBO 

'CB = 0 

23 

3.3 


Collector-to-Emitter Capacitance 

C CEO 

'CE = 0 

23 



Base-to-Substrate Capacitance 

C BIO 

'cio = 0 

23 
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MAXIMUM RATINGS, Absolute-Maximum Values at = 25°C 

Dissipation: 

Any one transistor 

Total package 

Above T a = 55°C 

Ambient Temperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79mm) 

from case for 10 seconds max 

The following ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage (V CE q) 

Collector-to-Base Voltage (V^q) 

Base-to-Substrate Voltage (V b( q)* 

Emitter-to-Base Voltage (V BB q) 

Collector Current (I q) 


200 mW ’ 

750 mW 

derate Iinearly6.67 mW/°C 

-55 to +125 °C 

-65 to +150 °C 

+265 °C 

-40 V 

-40 V 

-40 V 

-40 V 

-10 mA 


'The base of each transistor of the CA3084 is isolated from the substrate by an integral diode. The substrate must be connected to a voltage 
which is more negative than any base voltage in order to maintain isolation between transistors and provide normal transistor action. To avoid 
undesired coupling between transistors, the substrate terminal (4) should be maintained at either DC or signal (AC) ground. A suitable bypass 
capacitor can be used to establish a signal ground. 


STATIC CHARACTERISTICS FOR EACH TRANSISTOR 



AMBIENT TEMPERATURE (T A ) — 

Fi9-2— IqbO vs T A ' 


*»2CS- 17966 


AMBIENT TEMPERATURE 


Fig-3- IqeO w T A * 


92CS- 17967 
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STATIC CHARACTERISTICS FOR EACH TRANSISTOR 



SUBSTRATE AT SAME POTENTIAL AS COLLECTOR 
AMBIENT TEMPERATURE (T A ) = 25°C 


|VOLTS (V CE )= -20 V 


-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T ft ) — # C 

92CS-I7984 

Fig. 6- V BE vs T a « 


2 4 6 8 2 468 


EMITTER MILLIAMPERES (I E ) 

Fig. 7- hp E vs Ip • 


STATIC CHARACTERISTICS FOR DIFFERENTIAL AMPLIFIER 


COLLECTOR-TO-EMITTER VOLTS (V CE )=-IO V 
AMBIENT TEMPERATURE (T A )= 25 °C 



COLLECTOR MICROAMPERES (Ic) 

92CS-I7! 

Fig.8— V|0 vs Ic, (transistors Q1 and 
Q2 as a differential amplifier). 


0.3511 ill M m Em t±n m- i ti' i m i n i t-t- t -ti mmm 

-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) — # C 

92CS- 17985 

Fig.9— V|o vs Ta (transistors Q1 and 
Q2 as a differential amplifier). 


STATIC CHARACTERISTICS FOR CURRENT-MIRROR CONFIGURATION 


AT T a * 25®C AND V CE =-IOV: : 
I 5 * 3 /tA, 1 12 * 3.15 fiA - 
I5 = 10 fiA, 1)2=10.5 /*A 
I5 ■ 100 (iA, I|2 * 100 fiA 


COLLECTOR-TO-EMITTER VOLTS (V CE ) =-IOV 
AMBIENT TEMPERATURE (T A ) = 25°C 



AMBIENT TEMPERATURE (T A )— °C 


CURRENT AT TERMINAL 5 (I 5 ) — mA 


Fig.10— Normalized Ic vs Ta (transis- 
tors Q3 and Q4 in a current- 
mirror configuration. 


Fig.11— Ic ratio vs I5 (transistors Q3 
and Q4 in a current-mirror con- 
figuration. 
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CA3084 


STATIC CHARACTERISTICS FOR CURRENT- 
MIRROR CONFIGURATION 



92CS-I7973 

Fig. 12 — lc vs Is (transistors Q3 and Q4 in a 
current-mirror configuration). 


STATIC CHARACTERISTICS FOR DARLINGTON 
CONFIGURATION 



Fig. 13 — Vbe vs Ie (transistors Q5 and Q6 in a 
darlingtron configuration). 



Fig. 14 — Vbe vs Ta (transistors Q5 and Q6 in a 
dar/ington configuration). 



Fig. 15 — hpE vs. Ie (transistors Q5 and Q6 in a 
darlington configuration ). 


DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 




Fig. 17 — NF bs Iq at Rs= 1 k£l 
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DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR (Cont'd) 


COLLECTOR-TO- EMITTER VOLTS (V CE WO V 
SOURCE RESISTANCE (R s )=IO kfi 
AMBIENT TEMPERATURE (T a )-25°C 


COLLECTOR MILLIAMPERES (I c ) 

92 

Fig. 18- NF vs l r at R s = lOkSl 


iSliSa 


■■III 


tils 


li^l 


FREQUENCY (f > — Hz 

Fig.20— Rq vs f 


COLLECTOR-TO-EMITTER VOLTS (Vfc E )=-IOV - 
AMBIENT TEMPERATURE (T A )« -25 *C 

I COLLECTOR CURRENT (I c )« I mA I I 


■■sain 


COLLECTOR-TO-EMITTER VOLTS (V CE )»-IOV 
AMBIENT TEMPERATURE (T a ) = 25°C 

— 

■I 


- 

COLLECTOR 

1 

current i 

Ml - 

mu 



1 



mmm 

■ 

■a 

!■ 



II 

in 

«— 


— 


- 

■ 1 

II 

iS 

— 


t 

si 

It 

— 

- 

— 

■IBH^ 

ESJZJIIMi 

— 


mmm 





■ 

■Ill 





IK 

v 

51 


_ 

— 

— 

- 

It 

— 

— 

— 

■ — 

Kim 

IS 



II 

■ 





IKK 

a 

■ 


II 






II 

IK 

Q 


FREQUENCY (fl — 

Fig. 19— R,vsf 


COLLECTOR-TO-EMITTER VOLTS ( V CE ) 


OUTPUT (R 0 ) ■ 600 kfl 


COLLECTOR MILLIAMPERES (I c ) 

S 

Fig. 21 — Normalized Rj and RqVS / 

I AMBIENT TEMPERATURE (T^)* 25 °C j j FEEFE 


Isssss 


■■■■■■ ■■■■■■■££ 




""S3 




FREQUENCY (f) — MHz 

92CS-I7982 

COLLECTOR VOLTS <V CE0 , VcBO^BIO 1 

Fig.22— g m vs f 


Fig. 23— Transistor capacitances vs 
collector voltages 
(v CEO' V CB(y V C!0 } 
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Solid State 
Division 


Linear Integrated Circuits 

CA3085, CA3085A, CA3085B 

Types 


Positive Voltage Regulators 

For Regulated Voltages from 1.7 V to 46V 
at Currents up to 100mA 



H-1787 H-1528 


8-Lead TO-5 8-Lead TO-5 



8-Lead DuaMn-Line Plastic 


(MINI-PIP) 


Features 

b Up to 100mA output current 
□ Input and output short-circuit protection 

■ Load and line regulation: 0.025% 

■ Pin compatible with LM100 Series 
a Adjustable output voltage 


Applications 

■ Shunt voltage regulator 

■ Current regulator 

b Switching voltage regulator 
» High-current voltage regulator 
B Combination positive and negative 
voltage regulator 

■ Dual tracking regulator 


RCA-CA3085, CA3085A, and CA3085B are silicon 

monolithic integrated circuits designed specifically for service 
as voltage regulators at output voltages ranging from 1.7 to 
46 volts at currents up to 100 milliamperes. 

A block diagram of the CA3085 Series is shown in Fig. 1. 
The diagram shows the connecting terminals that provide 
access to the regulator circuit components. The voltage re- 
gulators provide important features such as: frequency 
compensation, short-circuit protection, temperature- 
compensated reference voltage, current limiting, and booster 
input. These devices are useful in a wide range of applications 
for regulating high-current, switching, shunt, and positive and 
negative voltages. They are also applicable for current and 
dual-tracking regulation. 

The CA3085A and CA3085B have output current 
capabilities up to 100 mA and the CA3085 up to 12 mA 
without the use of external pass transistors. However, all the 
devices can provide voltage regulation at load currents greater 
than 100 mA with the use of suitable external pass 
transistors. The CA3085 Series has an unregulated input 
voltage ranging from 7.5 to 30 V (CA3085), 7.5 to 40 V 
(CA3085A), and 7.5 to 50 V (CA3085B) and a minimum re- 
gulated output voltage of 26 V (CA3085), 36 V (CA3085A), 
and 46 V (CA3085B). 

The CA3085A is unilaterally interchangeable with the 
CA3055. 

These types are supplied in the 8-lead TO-5 style package 
(CA3085, CA3085A, CA3085B, and the 8-lead TO-5 with 
dual-in-line formed leads ("DIL-CAN", CA3085S, CA3085AS, 
CA3085BS). The CA3085 is also supplied in the 8-lead dual- 
in-line plastic package ("MINI -DIP", CA3085E), and in chip 
form (CA3085H). 


Type 

V|N 

Range 

V 

VOUT 

Range 

V 

Max. 

'OUT 

mA 

Max. Load 
Regulation 

% V 0 UT 

CA3085 

7.5 to 30 

1 .8 to 26 

12* 

0.1 

CA3085A 

7.5 to 40 

1.7 to 36 

100 

0.15 

CA3085B 

7.5 to 50 

1.7 to 46 

100 

0.15 


This value may be extended to 100mA; however, 
regulation is not specified beyond 12mA. 


COMPENSATION AND 
EXTERNAL INHIBIT 



Fig. 1— Block diagram of CA3085 Series. 


'8-74 
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MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES at T A - 25°C 


POWER DISSIPATION: WITHOUT HEAT SINK! 


up to T A = 55°C 630 mW 

above T A = 55°C derate linearly @6.67 mW/°C 

TEMPERATURE RANGE: 


WITH HEATSINK (TO-5 ONLY) 


up to Tc = 55°C 1.6 W 

above Tc = 55°C .... derate linearly at 
16.7 mW/°C 


Operating -55to+125°C 

Storage -65to+150°C 


UNREGULATED INPUT VOLTAGE: 


CA3085 30 V 

CA3085A 40 V 

CA3085B 50 V 


LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79mm) 
from case for 10 seconds max +265°C 


Maximum Voltage Ratings 

The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the 

voltage range between vertical Terminal No. 7 and horizontal Terminal No. 1 is +3 to —10 volts. 


MAXIMUM 

MAXIMUM VOLTAGE RATINGS CURRENT RATINGS 


TERM 

INAL 

No. 

<IN 

mA 

•out 

mA 

5 

10 

1.0 

6 

1.0 

-0.1 

7 

1.0 

-1.0 

8 

0.1 

10 

1 

20 

150 

2 

150 

60 

3 

150 

60 

4 

- 

- 


TERM- 

INAL 

No. 

5 

6 

7 

8 

1 

2 

3 

4 

'Voltages are not normally 
applied between these 
terminals; however, voltages 
appearing between these 
terminals are safe, if the 
specified voltage limits 
between all other terminals 
are not exceeded. 

£30 V for CA3085 

40V for CA3085A 

50 V for CA3085B 

5 

- 

+5 

-5 






+10 

0 

6 

- 

- 







7 

- 

- 

- 

+3 

-10 

+3 

-10 



+t 

0 

8 

- 

- 

- 

- 

+5 

-1 




1 

- 

- 

- 

- 

- 

+10 

6“ 

-i 

+± 

0 

2 



- 

- 


- 

0 

+1 

0 

3 

- 

- 

- 

- 

- 

- 

_ 

+t 

0 

4 

- 

- 

- 

- 


- 


Substrate 
& Case 



Fig.2— Schematic diagram of CA3085 Series. 
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CA3085, CA3085A, CA3085B, 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 


t a“ 26 ° c 

[Unless indicated otherwise] 

CA3085 

CA3085A 

CA3085B 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 



RETS 

4 

V + | N = 15V 

MtM 

tm 

1.8 


1.6 

wm 

wm 

1.6 

1.7 




4 

V + |N= 30V 

- 

mol 

mm 





RH 

msi 


V + , N = 40V 

~ 

- 

- 

- 


5 

- 


- 

V + | N = 50V 

- 

- 

- 

- 

- 

- 

- 

i 

7 

Input Voltage Range 

V | (M (range) 

- 

- 

7.5 

- 

30 

7.5 

- 

40 

7.5 

- 

.50 

V 

Maximum Output 
Voltage 

Volmax.) 

4 

V + | N = 30,40,50V#; Rj_ = 365 O; 
Term. No. 6 to Gnd. 

26 

27 

- 

36 

37 

- 

46 

47 

- 

V 

Minimum Output 
Voltage 

Vo(min.) 

4 

V*| N = 30V 

- 

1.6 

1.8 

- 

1.6 

1.7 

- 

1.6 

1.7 

V 

Input-Output Voltage 
Differential 

Vin-vout 

- 

- 

4 

- 

28 

4 

- 

38 

3.5 

- 

48 

V 

Limiting Current 

'lim 

7 

V + | N = 16V.V + 0UT= 10V 

RSCP* =60 

- 

96 

120 

- 

96 

120 

- 

96 

120 

mA 

Load Regulation* 

- 

- 

lL = 1 to 100mA, RSCP = 0 

- 

- 

- 

- 

0.025 

0.15 

- 

0.025 

0.15 

%V 0U T 

- 

l L = 1 to 100mA, RSCP= 0 

T A = 0°C to +70°C 

- 

- 

- 

- 

0.035 

06 

- 

0.035 

0.6 

- 

lL = 1 to 12mA, RSCP = 0 

- 

0.003 

0.1 

- 

- 

- 

- 

- 

- 

Line Regulation* 

- 

- 

lL = 1 mA, RSCP = 0 

- 

0.025 

0.1 

- 

0.025 

0.075 

- 

0.025 

0.04 

%/v 

- 

lL = 1 mA, RSCP = 0 

T A = 0°C to +70°C 

- 

0.04 

0.15 

- 

0.04 

0.1 


0.04 

0.08 

Equivalent Noise 
Output Voltage 

vnoise 

11 

V + , N = 25V 

Cref = o 

- 

0.5 

- 

- 

0.5 

- 

- 

0.5 

- 

mV p-p 

CREF = 0.22/jF 

- 

0.3 


- 

0.3 

- 

- 

0.3 

- 

Ripple Rejection 

- 

12 

V + |N = 25V 
f= 1 kHz 

Cref = o 

- 

50 

- 

- 

50 

- 

45 

50 

- 

dB 

cref = 2pF 

- 

56 

- 

- 

56 

- 

50 

56 

- 

Output Resistance 

r o 

12 

V + |N = 25 V, f = 1kHz 

- 

0.075 

1.1 

- 

0.075 

0.3 

- 

0.075 

0.3 


Temperature Coef- 
ficient of Reference 
and Output Voltages 

AVref, 

AV 0 


lL = O, VREF = 1-6V 

- 

0.0035 

- 

- 

0.0035 

- 

- 

0.0035 

- 

%/°C 

Load T ransient 
Recovery Time: 

Turn On 

*ON 

16 | 

V + |N= 25 V, +50mA Step 


1 



1 



1 


PS 

Turn Off 

*OFF 

V + (N = 25V, -50mA Step 

- 

3 

- 

- 

3 

- 

- 

3 

- 


Line Transient 

Recovery Time: 

Turn On 

‘ON 


V + ||g = 25V, f= 1kHz. 2V Step 


0.8 



0.8 



0.8 



Turn Off 

‘OFF 

- 

- 

0.4 


" 

0.4 

- 

- 

0.4 

" 

PS 


#30V (CA3085), 40V(CA3085A), 50V(CA3085B) 
RSCP: Short-circuit protection resistance 


• Load Regulation = 


AV OUT 

'^OUT^ in ' t ' al ^ 


X 100% 


A Line Regulation = 


(AV 0UT> 

lV OUT(initial)l (AV IN> 


X 100% 



REGULATION * 0.23 (LINE AND LOAD) 92CS-I8093 

RIPPLE < 0.5 mV AT FULL LOAD 


Fig.3— Application of the CA3085 Series in a typical power 
supply. 
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TEST CIRCUITS AND TYPICAL CHARACTERISTICS CURVES FOR CA3085 SERIES 



Fig.4—Test circuit for VreF, iquiescent, VoUT(max.), 
VoUTfmin.). 



INPUT VOLTS (V+ ) 

92CS-I8095 

Fig-5— /quiescent vs. W/v- 
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TEST CIRCUITS AND TYPICAL CHARACTERISTICS CURVES FOR CA3085 SERIES 




AMBIENT TEMPERATURE IT A > *C 

92CS- 17345 

Fig. 10— Line regulation temperature characteristics. Fig. 1 1—Test circuit for noise voltage. 



Fig. 12— Test circuit for ripple rejection and output resistance. 


TEST PROCEDURES FOR TEST CIRCUIT FOR 
RIPPLE REJECTION AND OUTPUT RESISTANCE 
Output Resistance 

Conditions: 

1. V| N - +25 V, Cref - O. Short Ei 

2. Set E$2 at 1 kHz so that E2 = 4 V rms 

3. Read VquT on a VTVM. such as a Hewlett-Packard. 

HP400D or equivalent 

4. Calculate RoUT ,rom R OUT “ v OUT (|R|_/E2 ) 

Ripple Rejection — I 

Conditions: 

1 . V|N = +25V, CreF * O, Short E2 

2. Set Esi at 1 kHz so that Ei = 3V rms 

3. Read VquT on 3 VTVM, such as a Hewlett-Packard, HP400D 
or equivalent 

4. Calculate Ripple Rejection from 20 log (Ei/VoutI 

Ripple Rejection — II 

Conditions: 

1 . Repeat Ripple Rejection I w'ch Cref - 2 nF 



Fig. 13— r Q vs. f. 



92CS- 17349 


Fig.14-Normalized r Q vs. Ta- 
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TEST CIRCUIT AND TYPICAL CHARACTERISTICS CURVES FOR CA3085 SERIES 
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Fig.1 7— Dissipation limitation (V/f\j— VQUT vs. I OUT )• 


100 pF 




Fig.1 6— Turn-on and turn-off recovery time test circuit with 
associated waveforms. 
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TYPICAL REGULATOR CIRCUITS USING THE CA3085 SERIES 



Fig. 18— Typical high-current voltage regulator circuit. 



R i 

ASIl-5 2* 

ANY NP-N SILICON TRANSISTOR 
THAT CAN HANDLE A 2A 
LOAD CURRENT SUCH AS 
RCA-2N3772 OR EQUIVALENT 


Fig. 19— Typical current regulator circuit. 



03: ANY N-PN SILICON TRANSISTOR THAT CAN 
HANDLE THE DESIRED LOAD CURRENT 
(RCA-2N3772 OR EQUIVALENT) 


PROTECTION RESISTANCE 



01: RCA-2N5322 OR EQUIVALENT 
*R1 = 0.7 -T|_ (MAX.) 


Fig.21 -Combination positive and negative voltage regulator 
circuit. 


Fig.20— Typical switching regulator circuit. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 


CA3086 CA3086F 


14-Lead Dual-ln-Line 
Frit-Seal (Hermetic) Package 

14-Lead Dual-ln-Line 
Plastic Package 



General-Purpose N-P-N 
Transistor Array 

Three Isolated Transistors and One Differentially- 
Connected Transistor Pair 

For Low— Power Applications from DC to 120MHz 

Applications 

■ General-purpose use in signal processing systems operating 
in the DC to 120-MHz range 

■ Temperature compensated amplifiers 

■ See RCA Application Note, I CAN-5296 “Application of the RCA-CA3018 
Integrated-Circuit Transistor Array" for suggested applications. 


RCA-CA3086 consists of five general-purpose silicon n-p-n 
transistors on a common monolithic substrate. Two of the 
transistors are internally connected to form a 
differentially-connected pair. 

The transistors of the CA3086 are well suited to a wide 
variety of applications in low-power systems at frequencies 
from DC to 120 MHz. They may be used as discrete 
transistors in conventional circuits. However, they also 
provide the very significant inherent advantages unique to 
integrated circuits, such as compactness, ease of physical 
handling and thermal matching. 

The CA3086 is supplied in a 14-lead dual-in line plastic 
package. The CA3086F is supplied in a 14-lead dual-in-line 
hermetic (frit-seal) ceramic package. 


SUBSTRATE 



Fig. 1 — Functional diagram of the CA3086. 


MAXIMUM RATINGS, Absolute— Maximum Values at T^ = 25°C 
DISSIPATION: 

Any one transistor 300 mW 

Total package up to T A = 55°C 750 mW 

Above T A = 55°C derate linearly 6.67 mW/°C 


AMBIENT TEMPERATURE RANGE: 


Operating —55 to +125 °C 

Storage —65 to + 150 °C 


LEAD TEMPERATURE (During soldering): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79mm) 

From case for 10 seconds max + 265 C 

The following ratings apply for each transistor in the device: 

COLLECTOR-TO-EMITTER VOLTAGE. V C EO 15 V 

COLLECTOR-TO-BASE VOLTAGE, V C BO- 20 V 

COLLECTOR-TO-SUBSTRATE VOLTAGE, V C |0*- ■ ■ 20 V 

EMITTER-TO-BASE VOLTAGE, V EB0 5 V 

COLLECTOR CURRENT, l c 50 mA 


* The collector of each transistor in the CA3086 is isolated from the substrate by an integral diode. The substrate 
(terminal 13) must be connected to the most negative point in the external circuit to maintain isolation between 
transistors and to provide for normal transistor action. To avoid undesirable coupling between transistors, the sub- 
strate (terminal 13) should be maintained at either DC or signal (AC) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 
For Equipment Design 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 


Typ. 
Charac- 
teristic 
Curves 
Fig. No. 



Max. 

Collector-to-Base Breakdown Voltage 

V (BR)CBO 

l c = 10 /jA, i e = 0 

- 



n 

V 

Co.llector-to-Emitter Breakdown Voltage 

V (BR)CEO 

| c = 1mA, l B = 0 

- 

ia 

a 

- 

V 

Collector-to-Substrate Breakdown Voltage 

V (BR)CIO 

Iq = 10 /lA, Iqj — 0 

- 



- 

U 

Emitter-to-Base Breakdown Voltage 

V (BR)EBO 

Ig = lOflA, Iq = 0 

- 


B 

- 


Collector-Cutoff Current 


v CB = iov, i e = 0 


- 

0.002 

100 

jB 

Collector-Cutoff Current 


< 

o 

m 

o 

< 

c5“ 

ii 

o 


— 

E3B 

B 

ESI 1 

DC Forward-Current Transfer Ratio 


V CE = 3 V, l c = 1mA 

4 

m 

ESI 

_ 



TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR 


AMBIENT TEMPERATURE (T A ) — ’ "C 

92CS-I5I95RI 

Fig-2— l CB0 vs T A . 



Fig 3- i CE0 vs T a . 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 
Typical Values Intended Only for Design Guidance 


CHARACTERISTICS 

SYMBOL 

[ TEST CONDITIONS 


UNITS 


Typ. 

Chara- 

teristics 
Curves 
Fig. No. 

TYPICAL 

VALUES 

DC Forward-Current 

Transfer Ratio 

■ 

< 

o 

m 

ii 

CO 

< 

Iq= 10mA 

4 

100 



4 

54 


Base-to- Emitter Voltage 

■ 

V CE = 3 V 

l E = 1mA 

5 

0.715 

mm 

1 E = 10 mA 

5 

0.800 

mm 

Vg£ Temperature Coefficient 


V CE = 3V * 'C= 1mA 

6 

-1.9 

mV/°C 

Cdllector-to-Emitter 

Saturation Voltage 


l B = 1 mA, Iq = 10mA 

■ 

0.23 

B 

Noise Figure (low frequency) 


f= 1 kHz, V CE = 3 V, 
l c = 100/iA, Rg = 1 k £2 

■ 

3.25 

B 

Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 

Forward Current-Transfer Ratio 

■ 

f = 1kHz, V CE = 3V, l c = 1mA 

■ 

100 

■ 

Short-Circuit Input Impedance 

h ie 

7 

3.5 

kfi 

Open-Circuit Output Impedance 

h oe 

■ ■ 

15.6 

jumho 

Open-Circuit Reverse-Voltage 

Transfer Ratio 


B 

1.8 X 10“ 4 

- 

Admittance Characteristics: 

Forward Transfer Admittance 


f = 1MHz, V CE = 3V, l c = 1mA 

8 

H 

mmho 

Input Admittance 

y ie 

9 


mmho 

Output Admittance 

y oe 

■a 

1^^222219 


Reverse Transfer Admittance 

y re 

n 

jjQQ3l[[ 

- 

Gain-Bandwidth Product 

f T 

V CE = 3V, l c = 3mA 


550 

MHz 

Emitter-to-Base Capacitance 

C EBO 

V EB = 3V.I e = 0 

- 

0.6 

PF 

Collector-to-Base Capacitance 

C CBO 

V CB = 3V,I C = 0 

- 

0.58 

pF 

Collector-to-Substrate Capacitance 

C CIO 

V C |= 3V,I C = 0 

— 

2.8 

PF 
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COMMON-EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (Ta)=25°C 
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Fig.8— y fe vs f. 
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Fig.9- y ie vs f. 


Fig. 10- y Qe vs f. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3088E 


40 

16-Lead Dual-ln-Line 
Plastic Package 


AM Receiver Subsystem 

Includes: AM Converter, IF Amplifiers, Detector and Audio Preamplifier 
For Applications in a Variety of AM Broadcast and Communications 
Receivers and Applications Requiring an Array of Amplifiers 


Features: 

■ Excellent overload characteristics 

■ AGC for IF amplifier 

■ Buffered output signal for tuning 
meter 

■ Internal Zener diode provides voltage regulation 

■ Two IF amplifier stages 

■ Low-noise converter and first IF amplifier 


Low harmonic distortion (THD) 
Delayed AGC for RF amplifier 
Terminals for optional inclusion 
of tone control 


RCA-CA3088E*, a monolithic integrated circuit, is an AM 
subsystem that provides the converter, IF amplifier, detector, 
and audio preamplifier stages for an AM receiver. 

The CA3088E also provides internal AGC for the first IF 
amplifier stage, delayed AGC for an optional external RF 
amplifier, a buffer stage to drive a tuning meter, and 
terminals facilitating the optional use of a tone control. 
Fig. 2 is a functional diagram of the CA3088E. The signal 
from the low-noise converter is applied to the first IF 
amplifier and is then coupled to the second IF amplifier. 
This IF signal is then detected and externally filtered. The 
resultant audio signal is applied to an audio preamplifier. 
Optionally, a tone control circuit may be connected at the 
junction of the detector circuit and the audio preamplifier. 
The gain of the first IF amplifier stage is controlled by an 
internal AGC circuit. The CA3088E supplies a delayed 
AGC signal output for use with an external RF amplifier. A 
buffered output signal is also available for driving a tuning 
meter. A DC voltage, internally regulated by a Zener diode. 


■ Operates from wide range of power supplies: V + = 6 to 
16 volts 

■ Optional AC and/or DC feedback on wide-band amplifier 

■ Array of amplifiers for general-purpose applications 

■ Suitable for use with optional external RF stage, either 
MOS or bipolar 


supplies the second IF amplifier, the AGC and tuning meter 
circuits and may also be used with any other stage. 
The CA3088E features four independent transistor amp- 
lifiers, each incorporating internal biasing for temperature 
tracking. These amplifiers are particularly useful in general- 
purpose amplifier, oscillator, and detector applications in a 
wide variety of equipment designs. 

"Formerly Developmental Type TA5842. 


MAXIMUM RATINGS, Absolute Maximum Values, at T/\ = 25°C 


DC SUPPLY VOLTAGE: 

Across Term. 5 and Terms. 3, 6, 13, 16. respectively 

DC CURRENT: 

At T erms. 3, 6, 1 3, 1 6, respectively 

At Term. 10 

DEVICE DISSIPATION: 

Up to T a = 50°C 

Above T a = 50°C 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During soldering): 

At distance not less than 1/32” (0.79 mm) from case for 10 seconds max. 


16 


10 

30 


760 

derate linearly 7.6 

-55 to +125 
-65 to +150 

+265 


V 

mA 

mA 

mW 

mW/°C 

°C 

°C 

°C 


8-72 
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TYPICAL ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 

T A - 25°C 

V+ = 12 V 

TEST 
CIRCUIT 
FIG. NO. 

Static (DC) Characteristics 

DC Voltages: 

Terms. 1,4, 9, 11 

Vi, 4,9, 11 


1 

0.7 

V 

Terms. 2, 7, 8 

V2,7,8 


1.4 

V 

Term. 10 

vio 


5.6 

V 

Term. 12 

V12 


0 

V 

Term. 15 

V15 


3.5 

V 

DC Current: 

Term. 3 

'3 


1 

0.35 

mA 

Term. 6 

'6 


1.0 

mA 

Term. 10 

ho 


20 

mA 

Term. 13 

»13 


0 

mA 

Term. 16 

*16 


1.2 

mA 

Dynamic Characteristics | 

Detector Output 


30% Modulation 

4 

75 

mV RMS 

Audio Amplifier Gain 

AaF 

f = 1 kHz 

4 

30 

dB 

Audio Distortion 


VoUT = 100 mV 

4 

0.2 

% 

Sensitivity: 

At Converter Stage Input 


f I n = * MHz 

Signal-to-Noise Ratio (S/N) = 20 dB 

2 

200 

fiV/m 

At RF Stage Input 


4 

100 

MV/m 

Total Harmonic Distortion 

THD 

30% Modulation 

4 

1.0 

% 

Input Resistance: 

At Transistor Q1 

R| 

No AGC, 

Input signal frequency 
(f IN) = 1 MHz 


3500 

a 

At T ransistor Q5 


2000 


Input Capacitance: 

At Transistor Q1 

C| 


12 

pF 

At Transistor Q5 


17 

pF 

Feedback Capacitance : 

At Transistor Q1 

Cfb 


1.5 

pF 

At Transistor Q5 


1.5 

pF 


The typical characteristics for the CA3088E are intended for guidance purposes in evaluating this device for equipment design. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3089E 



FM IF System 


Includes IF Amplifier, Quadrature Detector, 

AF Preamplifier, and Specific Circuits for AGC, 
AFC, Muting (Squelch), and Tuning Meter 


For FM IF Amplifier Applications in High-Fidelity, Automotive, 
and Communications Receivers 


Features: 

■ Exceptional limiting sensitivity: 
12 yM typ. at — 3 dB point 

■ Low distortion: 0.1% typ. 

(with double-tuned coil) 

■ Single-coil tuning capability 


■ High recovered audio: 

400 mV typ. 

■ Provides specific signal for 
control of interchannel muting 
(squelch) 

b Provides specific signal for 
direct drive of a tuning meter 


RCA-CA3089E* is a monolithic integrated circuit that provides 
all the functions of a comprehensive FM-IF system. Fig. 1 is 
a block diagram showing the CA3089E features, which include 
a three-stage FM-IF amplifier/limiter configuration with level 
detectors for each stage, a doubly-balanced quadrature FM 
detector and an audio amplifier that features the optional use 
of a muting (squelch) circuit. 

The advanced circuit design of the IF system includes 
desirable deluxe features such as delayed AGC for the RF 
tuner, an AFC drive circuit, and an output signal to drive a 
tuning meter and/or provide stereo switching logic. In 
addition, internal power supply regulators maintain a nearly 
constant current drain over the voltage supply range of +8.5 
to +16 volts. 


■ Provides delayed AGC voltage for RF amplifier 

■ Provides a specific circuit for flexible AFC 
b Internal supply-voltage regulators 


The CA3089E is ideal for high-fidelity operation. Distortion 
in a CA3089E FM-IF System is primarily a function of the 
phase linearity characteristic of the outboard detector coil. 


* Formerly Developmental Type No. TA5628. 
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Fig. 2-Schematic diagram of the CA3089E. 
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Fig.2- Schematic diagram of the CA3089E. 
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MAXIMUM RATINGS, Absolute Maximum Values, at T& - 25° C 
DC Supply Voltage: 

Between Terminals 1 1 and 4 

Between Terminals 1 1 and 14 

DC Current (out of Terminal 15) 

Device Dissipation: 

Up to Ta = 60°C 

Above T/\ = 60°C 

AmbientTemperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering): 

At distance not less than 1/32" (0.79mm). frdjn case for 10 seconds max. 


16 

V 

16 

V 

2 

mA 

600 

mW 

derate linearly 6.7 mW/°C 


-55 to +125 °C 

-65 to +150 °C 

+265 °C 


ELECTRICAL CHARACTERISTICS, at Ta = 25<>C, V+ = 12 Volts 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 






| Static (DC) Characteristics f 

Quiescent Circuit Current 

'11 




m 

Kcl 

1 

WSEM 

DC Voltages: 





■ 

■ 

m 


Terminal 1 (IF Input) 

Vi 




m 


Bl 

vJ 

Terminal 2 (AC Return to Input) 

v 2 

No signal input. 

3,4 

m 

m 

m 

■a 

Terminal 3 (DC Bias to Input) 

V 3 

Non muted 


EH 

m 

m 


Terminal 6 (Audio Output) 

. v 6 




mm 


m 

u 

Terminal 10 (DC Reference) 

Vio 




|£jJ 


m 

H 

[ Dynamic Characteristics | 

Input Limiting Voltage (-3dB point) 

V|(lim) 

- 


Hi 

a 

ma 

wm 

ns 

AM Rejection (Term. 6) 

AMR 

V|N = 0.1V 
AM Mod = 30% 

f0 = 10.7 MHz, 

H 

m 



*1 

Recovered AF Voltage (Term. 6) 

V 0 (AF) 


■ 

IcTiTSi 


gjjij 

mm 

Total Harmonic Distortion: * 





■ 

■ 

m 


Single Tuned (Term. 6) 

THD 

V| N =0.1 V 

fmod. 400 Hz, 

3 

■ 


D 

% 

Double Tuned (Term. 6) 

THD 


Deviation = 

4 

^1 



mm 

Signal plus Noise to Noise Ratio (Term. 6) 

S + N/N 


±75 kHz 

3,4 


m 

IB 

EB 


* THD characteristics are essentially a function of the phase characteristics of the network connected between terminals 8, 9, and 10. 
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Q 0 (UNL0ADE0)»75 (G I. AUTOMATIC MFG. DIV. EX2274I OR EQUIVALENT) 


92CM-I9040RI 

Fig.3-Test circuit for CA3089E using a single-tuned detector 
coil. 



*T:PRI.-Q o (UNL0ADED)B75(TUNES WITH IOO pF (Cl) 20t OF 34« ON 7/32" DIA. FORM 
SEC.-Q 0 (UNLOADED)B75 (TUNES WITH IOOpF(C2) 20t OF 34e ON 7/32” DIA FORM 
kQ(PERCENTOF CRITICAL COUPLING) B 70% 

(ADJUSTED FOR COIL VOLTAGE V C )« 150 mV 
ABOVE VALUES PERMIT PROPER OPERATION OF MUTE (SQUELCH) CIRCUIT 
“E" TYPE SLUGS, SPACING 4mm 

92CM-I904IRI 

Fig.4-Test circuit for CA3089E using a double-tuned detector 
coil. 



• L TUNES WITH IOOpF(C) AT 107 MHi 92CS-I904S 

Qq UNLOADED* 75 (G I EX2274I OR EQUIVALENT) 

Performance data at f Q = 98 MHz, f|\/10D = 400 
Deviation =*75 kHz: 

-3dB Limiting Sensitivity 2 /jV (Antenna Level) 

20dB Quieting Sensitivity 1/zV (Antenna Level) 

30dB Quieting Sensitivity .... 1.5juV (Antenna Level) 



I 10 100 IK IOK IOOK 

INPUT SIGNAL— /iV 

92CS- 19990 


Fig.5-Typical FM tuner using the CA3089E with a single-tuned Fig. 6-Muting action, tuner AGC, and tuning meter output as a 
detector coil. function of input signal voltage. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3090AQ 



Stereo Multiplex Decoder 

For FM Stereo Multiplex Systems 

Features: 

■ Requires the use of only one low-inductance tuning coil 

■ Automatic stereo switching 

n Directly drives a stereo indicator lamp up to 100 mA 

■ Includes driver for stereo-lamp indicator 

■ Operates from a wide range of power supplies: 10 to 16 volts 

■ Requires only one adjustment for alignment 

d Switching from monaural to stereo and stereo to monaural produces 
no audible thumps 


RCA-CA3090AQ*, a monolithic silicon integrated circuit, is a 
•stereo multiplex decoder intended for FM multiplex systems. 

The CA3090AQ is the successor to the CA3090Q; it offers 
three major advantages over the CA3090Q as follows: 

1. Can directly drive a stereo indicator lamp with a current 
drain of up to 100 mA. 

2. Stereo Defeat/Enable control-voltage specifications. 

3. Capable of operation with lower distortion. 

This stereo multiplex decoder requires only one low-inductance 
tuning coil (requires only one adjustment for complete 
alignment), provides automatic stereo switching, energizes a 
stereo indicator lamp, and operates from a wide range of 
voltage supplies. 

Figure 1 shows the block diagram for the CA3090AQ. The 
input signal from the detector is amplified by a low- 
distortion preamplifier and simultaneously applied to both 
the 19-kHz and 38-kHz synchronous detectors. A 76-kHz 
signal, generated by a local voltage-controlled oscillator 
(V CO), is counted down by two frequency dividers to a 
38-kHz signal and to two 19-kHz signals in phase quadrature. 
The 19-kHz pilot-tone supplied by the FM detector is 
compared to the locally generated 19-kHz signal in a 
synchronous detector. The resultant signal controls the 
voltage controlled oscillator (VCO) so that it produces 
an output signal to phase-lock the stereo decoder with the 
pilot tone. A second synchronous detector compares the 
locally generated 19-kHz signal with the 19-kHz pilot tone. If 
the pilot tone exceeds an externally adjustable threshold 
voltage, a Schmitt trigger circuit is energized. The signal from 
the Schmitt trigger lights the stereo indicator, enables the 
38-kHz synchronous detector, and automatically switches 


■ Low distortion: under 0.22% (typ.) 
n Separate dc input permits stereo defeat or enable 
b High signal output: directly drives audio amplifiers 
b Excellent SCA (storecast) rejection: 55 dB typ. 
n High audio channel separation: 40 dB typ. 

the CA3090AQ from monaural to stereo operation. The 
output signal from the 38-kHz detector and the composite 
signal from the preamplifier are applied to a matrixing circuit 
from which emerge the resultant left and right channel audio 
signals. These signals are applied to their respective left and 
right post amplifiers for amplification to a level sufficient to 
drive most audio amplifiers. 

The CA3090AQ may be used without the stereo defeat/enable 
function (see Fig. 6) if a control voltage for this function is not 
readily available. In this case. Terminal 4 should be grounded. 

The CA3090AQ utilizes the 16-lead quad-in-line plastic pack- 
age and operates over the ambient temperature range of 
— 55°C to +1 25° C. 

* Formerly Developmental Type No. TA6262G. 

MAXIMUM RATINGS, Absolute-Maximum Values at T A =25°C 


DC SUPPLY VOLTAGE 16 V 

CURRENT AT TERM. 12 100mA 

INPUT SIGNAL VOLTAGE (COMPOSITE)" 400 mV 

AMBIENT TEMPERATURE RANGE: 

Operating — 55to+125°C 

Storage — 65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance not less than 1/32” (0.79 mm) 

from case for 10 s max +265°C 


11 For stereo operation, a minimum input signal voltage (composite) of 
40 mV is required. 
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TO OSC. 
TUNING 
CIRCUIT 



Fig. 1 — Schematic diagram of CA3090AQ. 
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Fig. 1 — Schematic diagram of CA3090AQ. 
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ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TERMINAL 

MEASURED 

AND 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

T A = 25°C 

V+= 12 V (unless 
specified otherwise) 

Min. 

Typ. 

Max. 

Static Characteristics | 

Total Current (Terms. 9, 10, 11) 

*total 

Lamp OFF 

- 

on 

m 

mA 

DC Voltage: 

Term. 1 

V 1 


1.6 


m 

V 

Term. 6 (Indicator Lamp OFF) 

V 6 


- 

ESI 

m 

V 

Terms. 9 and 10 

V 9& 10 


m 

Ql 

m 

V 

Term. 12 (Indicator Lamp OFF) 

V 12 

V + = 16 V 


- 


V 

Voltage Differential (Term. 2— Term. 1) 



hi 

0 

m 

V 

Current at Term. 12 (In actual use external circuit 
resistance (e.g. lamp should limit Term. 12 to the 
maximum rated value of 100 mA.) 


V jN (at f = 19 kHz) = 18 mV 

75 

100 

■ 

mA 

Dynamic Characteristics 

Input Impedance 

Z IN 


- 


- 


Channel Separation (L + R Reference)* 



SI 

m 

_ 

dB 

Channel Balance (Monaural) 


V |N = 180 mV 

_ 

m 

wm 

dB 

Monaural Gain 


3 

1 

9 

dB 

Stereo/Monaural Gain Ratio* 


_ 

S9H 

n 

dB 

Indicator Lamp — Turn-0 N Voltage 


19-kHz pilot-tone @ Term. 1 

_ 


_ 

HRS 

Capiture Range (Deviation from 76-kHz center 
frequency) 


19-kHz pilot-tone 
voltage =18 mV 

a 


- 

■! 

Distortion (75 -ms de-emphasis) : 

2nd Harmonic 


V, N = 240 mV 

- 


■ 

■1 

3rd, 4th, and 5th Harmonic 


- 

EBB 

Hi 

% 

19-kHz Rejection 



_ 

ESI 

— 

dB _ 

38-kHz Rejection 



_ 

IES 

HH 

dB 

SCA (storecast) Rejection 



_ 

EZS 

HB 

dB 

Stereo Defeat Voltage (V 4 ) 



- 

am 


IHH 

Stereo Enable Voltage (V 4 ) 



HU 

m 

Hi 



* For stereo operation, test conditions require a composite 
stereo input signal (modulated at 1 kHz) including a 
19-kHz (18 mV) pilot-tone signal. 
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390 ft 



92CM- 22554 


Fig. 7 — Test circuit for measurement of dynamic characteristics. 



VOLTAGE-CONTROLLED OSCILLATOR (VCO) FREQUENCY 
(NO PILOT TONE APPLIED) — kHz 92CS-I9056 

Fig. 8 — Pilot-tone voltage level vs. VCO frequency with no 
pilot-tone applied. 



A— Foil side. 



VOLTAGE-CONTROLLED OSCILLATOR (VCO) FREQUENCY 
(NO PILOT TONE APPLIED) — kHz 92CS-I9055 

Fig. 9 — Filter capacitance vs. VCO frequency with no 
pilot-tone applied. 



B— Component side. 


Fig. 10 - Photographs of the CA3090AQ and outboard components mounted on a 2 X 2'A-inch 
printed-circuit board to constitute a complete stereo multiplex decoder. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3091D 



Four-Quadrant Multiplier 


Applications: 

■ Multiplier ■ Divider ■ Squarer ■ Square Rooter 

■ Power-series approximator 

■ Full-wave rectifier 

■ Automatic level controller 

■ RMS converter 

■ Frequency discriminator 

■ Voltage-controlled filters and oscillators 


RCA-CA3091D? a monolithic silicon integrated circuit, is a 
four-quadrant multiplier that provides an output voltage that 
is the product of two input (x and y) voltages. 

This device functions as a multiplier, divider, squarer, square 
rooter, and power-series approximator. In addition, this 
device is useful in applications such as ideal full-wave 
rectifiers, automatic level controllers, RMS converters, fre- 
quency discriminators, and voltage- control led filters and 
oscillators. 

The CA3091D comprises five basic circuits (See Fig. 1 ), 
including: a multiplier block, two linearity compensators, a 
current converter, a current source for biasing, and a 
regulator (reference voltage). A brief description of the 
operation, functions and typical applications is given in the 
section "Operating Considerations". In addition there is a 
separate section on "Symbols, Terms, and Definitions" that 
defines the terms and symbols used throughout the data 
bulletin. 

The CA3091D is supplied in 14-lead dual-in-line ceramic 
package and operates over the full military temperature range 
of-55°C to +125°C. 

* Formerly Developmental Type TA5855A. 


Features: • 

■ "Accuracy": ±4% (max.) 

■ "Linearity": 3.0% (max.) 

■ Feedthrough: 9 mV p-p (typ.) 

■ 3-db bandwidth: 4.4 MHz 

■ Low power operation capability: ±6.0 V, 4 mW drain 

■ Low power-supply sensitivity: 36 mV/V typ. 

■ Smooth overload characteristics — no foldback if full- 
scale input signal is exceeded 

■ Negligible warm-up drift 

■ Broadband operation capability (flat to 1 MHz) — both 
inputs have similar characteristics for reduced high- 
frequency phase shift between the inputs 

■ Low-level linearity correction circuitry minimizes low- 
level feedthrough for improved small-signal accuracy 

■ All multiplication is performed with wideband circuitry — 
this permits two signals of frequencies much higher than 
the -3 db frequency of the multiplier to produce a differ- 
ence frequency that is within the multiplier^ bandwidth 

■ High immunity to parasitic oscillation 

■ Essentially free from excess peaking — provides improved 
frequency response 

■ Requires no level shifting at the output — current-source 
operation at the output permits output signal to be refer- 
enced to ground or other levels within the output voltage 
swing capabilities of the multiplier 

■ Internal bias regulator 
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MAXIMUM RATINGS', Absolute-Maximum Values at T A =25°C 
DC Supply Voltages: 

Between Terms. 12 and 1 +18 V 

Between Terms. 4 and 1 —18 V 

DC Supply Currents: 

At Term. 1 2 with DC Supply Voltage = +1 5 V 4 mA 

At Term. 4 with DC Supply Voltage = —15 V 16 mA 

Bias Current (At Term. 3) 1 mA 

* Input Current ±1 mA 

Output Short-Circuit Duration No limitation 

Voltage Reference Current 10 mA 

Linearity Correction Currents: 

At Terminals 7 and 8 10 mA 

Device Dissipation (Up to 125°C) 200 mW 

Ambient Temperature Range: 

Operating —55 to +125 °C 

Storage —65 to +150 °C 

Lead Temperature (during soldering): 

At distance not less than 1/32 inch (0.79 mm) from case for 10 seconds max +265 °C 


External resistance is required to limit the current to the indicated ±1 mA value. 


ELECTRICAL CHARACTERISTICS, For Equipment Design 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

T a = 25°C, 1 1 b “ 0.5 mA 
V + * 15 V, V- = -15 V 

Circuit 

and/or 

Char. 

Curve 

Min. 

Typ. 

Max. 

STATIC CHARACTERISTICS | 

INPUT CIRCUIT 

Input Balance (Correction) Currents: 
At x Input 

1 1C 

x = 0 


-20 

-2.1 

+20 

pA 

At y Input 

V = 0 

- 

-20 

-8.7 

+20 

mA 

Feedthrough Linearity Balance 
(Correction) Current 

•oc 


- 

-34 

-2.9 

+34 

pA 

OUTPUT CIRCUIT 

Output Offset Current 

»oo 

x & y = 0, 

_ 

-10 

-0.23 

+10 

PA 

Output Offset Voltage 

v OO 

lOO thru = 33kfi 

- 

-0.330 

-0.0076 

+0.330 

V 

Output Peak Current Swing 


Thru R L = 24kfl 

3 

0.41 

0.45 

- 

mA 

Output Peak Voltage Swing 

Kl 

Across Rj_ = 33kfi 

4 

12 

12.9 

- 

V 

DC SUPPLIES & BIASING 

Current Drain (Idling): 

At Term. 4 

■ 

> 

in 

1 

> 

■ 


2.9 

m 

mA 

At Term. 12 


V + = +15 V 

- 

- 

2.0 

3.0 

mA 

Reference Voltage 

Vref 

Measured across Terms. 

6 & 4 at 1 = 1mA 

- 

5.5 

6.1 

6.7 

V 

| DYNAMIC CHARACTERISTICS | 

Output Current 

«o 

With 1 = 0.2mA at each 

input 

“ 

- 

0.21 

0.32 

mA 

Normalized k Factor/kty = k 
\ k r 



11 

0.69 

1.0 

1.7 


Accuracy 


Worst case at 25°C 

_ 

- 

2.6 

4.0 

%of 

Linearity 


- 

1.7 

3.0 

10 V 

Feedthrough Voltage: 

At y = 20V p-p, x = 0 





9 


mV 

At x * 20V p-p, y * O 



" 

- 

9 

- 

p-p 
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ELECTRICAL CHARACTERISTICS, Typical Values Intended Only for Design Guidance 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS | 

TYPICAL 

VALUES 

UNITS 

Ta = 25°C, 1 ib = 0.5 mA 

V+ = 15 V, V- = -15 V 

Circuit 

and/or 

Char. 

Curve 

ST A TIC CHARACTERISTICS 

INPUT CIRCUIT 

Input Resistance: 

At x Input 

R l 

|l x |^0.2 mA 

5 

1.3 

kfl 

At y Input 

|l y |<0.2 mA 

0.5 

kft 

Input Capacitance: 

At x Input 

C| 

at 1 MHz 

- 

5.8 

pF 

At y Input 

5.8 

pF 

OUTPUT CIRCUIT 

R 0 


6 

1.0 

Mft 

Output Resistance 

Output Capacitance: 

co 

at 1 MHz 


4.0 

PF 

DC Supply Voltage Sensitivity: 

At Term. 4 

AVp 

AV“ 


11 

26 

mV/V 

At Term. 12 

AV 0 

A V + 

36 

mV/V 

DYNAMIC CHARACTERISTICS 

Bandwidth (At -3dB point): 
Through x Input 

BW 


8, 10 

4.8 

MHz 

Through y Input 

8.9 

4.4 

MHz 

30 Error Frequency: 

Through x Input 



- 


kHz 

Through y Input 

■ 

kHz 

Maximum Slew Rate 

SR 

7pF in parallel with 10 M£2 load 

7 

27 

V//is 

Temperature Coefficients: ** 

Output Offset Current 


x & y = 0 


-0.021 

MA/OC 

x-lnput Balance Current 

Alic/AT 

x = 0 

- 


91 

y- Input Balance Current 

y = 0 

- 

-0.063 

BEHB9I 


kN 


- 

-0.76 

%/%/0C 

Accuracy 


- 

0.11 

%/°C 

Linearity 


- 

0.06 

■ g 

Feedthrough: 

At x = 0 



- 

5.6 

| 

Aty = 0 

5.7 

mV/oc | 
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Fig. 1— Functional block diagram of CA3091D with typical multiplier outboard (peri pheral)circuitry. 


92CM-I9532 



Fig.2— Schematic diagram of the CA3091D. 


92CM-I9534 
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Fig. 3-Test circuit for measurement of output current swing 
capability. 



Fig.4—Test circuit for measurement of output voltage swing 
capability. 




Fig.6— Test circuit for measurement of output resistance. 



Fig.7—Test circuit for measurement of maximum slew rate. 



Fig.8—Test circuit for measurement of frequency response. 
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Fig. 9- y— input frequency response characteristic curve with associated test circuit. 




Fig. 10- x-input frequency response characteristic curve with associated test circuit. 


x- BALANCE 
50kfl 



1. AT V + «l5V,V-*-l5V, MEASURE V 0 

RECORD AS Voi • 

2. AT V* * 10 V ,V“ * - 15 V , MEASURE V 0 

RECORD AS Vo2 • 

POS. POWER SUPPLY SENSITIVITY* 

V 02~ 1 * * * V * * * * QI 
5V 

3. AT V + -I5V,V"=H0V, MEASURE V 0 

RECORD AS V03 

NEG. POWER SUPPLY SENSITIVITY* 

V Q3-VQI . 


OUTPUT 

ZERO 

BALANCE 


LOW-LEVEL 

LINEARITY 

BALANCE 


Fig.11— Test circuit for measurement of current gain and power-supply sensitivity. 


ks k FACTOR 
k r s 01* REFERENCE OR 
ADJUSTED k FACTOR 
k N * k/k r *O.IV 0 - 

NORMALIZED k FACTOR 
li.e. k N *l,IF \ «Vy*V 0 «IO) 
OUTPUT CURRENT (mA) CAT 
A CURRENT OF 0 2 mA AT 
BOTH INPUTS]* Vo /33kH 
OUTPUT VALUES ARE AVER- 
AGED FOR 4 COMBINATIONS 

v 0 /r l 

OF INPUTS^*-— 

Vq / 33 k fl X y 
(0.2x10-3)2 
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Fig. 12— Contour mapping of multiplier accuracy (plotted on isomers ) and linearity. 


Note: See "Contour 
Map" in "Symbols, 
Terms and Defini- 
tions” Section. 


SYMBOLS, TERMS AND DEFINITIONS 
Output Offset Current 

The multiplier output current produced when both of the 
multiplier input signals are in the zero state. 

Output Zero 

Sets the output at the zero level when the x and y inputs are 
in the zero state. (It is implied that all other zeroing 
adjustments have been effected.) 

R| 

Input Resistance — Converts the input voltage to an input 
current. 

Rl 

Output (Load) Resistance — Converts the output current to a 
voltage. 

Ro 

Output Resistance — See V Q and l Q for the equations 
associated with these properties. 

Regulator Diode 

A temperature compensated Zener diode, included in the 
multiplier circuit, to provide a stable l|B- 

Scale Factor or k factor (k) 

Represents the basic gain of the multiplier as expressed in the 
equation V Q = kV x V y 

The equation indicates the ideal transfer function for the 
multiplier. The normalized k factor is expressed by k|\| = k/k re f 


where k re f is the ideal or reference k factor. The ideal factor, 
k re f is the value at which the k factor is set when the k-factor 
adjust control is trimmed. Optimum operation of the 
CA3091 D is achieved when the k-factor is 0.1 . 

V|M 

The maximum ac sine-wave voltage to be applied to the 
multiplier; a 20-volt p-p sine wave is the nominal maximum 
swing voltage recommended for use with 50-kilohm input 
resistors. 

VMID 

An ac or dc voltage that approximately satisfies the equation 
VMID = Vim/ J~2~ 

Vo 

The output product voltage derived from the expression 
(k V x V y = V 0 ) 

Vref. 

Temperature compensated zener connected to the —15 volt 
supply to provide a reference voltage as an aid in setting up a 
stable l| B> 

V X . Vy 

The input voltages to be multiplied. 
x-Balance Circuit 

Sets the output to the zero level when the x-input is in 
the zero state. 
y-Balance Circuit 

Sets the output to the zero level when the y-input is in the 
zero state. 
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SYMBOLS, TERMS AND DEFINITIONS - continued 
Accuracy 

Accuracy defines the degree of error encountered in the 
operation of the multiplier. It is portrayed on a contour map 
by isomers (contour lines). Isomers with the highest values 
indicate "less-accurate" operation of the multiplier. (See 
illustrative Contour Map in Fig. 12.) 

Contour Map 

The contour map, shown in Fig. 12, is a graphical portrayal 
of the multiplier errors in the x, y input plane. Each contour 
line, termed "isomer", connects those points whose error 
values (in millivolts) are equal in magnitude. For example, a 
—20 mV contour line with points at V x = 5V and V y = — 3V 
indicates that the output voltage is 20 mV less than the 
theoretical output product (kV x Vy). This error voltage, 
presented in percent of full-scale input (±10 V), defines the 
"accuracy" of the device. Thus, a 20-mV error voltage 
represents an "accuracy" of 0.2% as derived from the 
equation: 

Accuracy = 20 mV/10 x 100% = 0.2%. 

A contour map provides a true indication of multiplier 
performance in each of the four quadrants. Each CA3091 D is 
comprehensively tested and must provide the specified 
accuracy in the four quadrants. 

Current Converter 

This portion of the 1C combines the multiplier's differential- 
amplifier output currents and converts them to a single- 
ended output current. 

Current Sources 

These circuits provide the biasing currents for the various 
circuits in the 1C. The I|b terminal provides the control 
current for the current-source circuit. 

Feedthrough 

Feedthrough occurs when an output signal is produced even 
though one of the input signals is zero. Consequently, 
feedthrough signal characteristics constitute a source of error 
in the operation of a multiplier. In the CA3091D, for 
example, the feedthrough signal output is specified to be less 
than 20 mV p-p when either terminal is set at 20 V p-p and 
the other terminal is set to zero. 

>IB 

Circuit biasing control current. 

*IC 

See loc- 

10 2 
Output product current (k|l x l y = lo). where k| = k R| / Rl 

«OC. lie 

Compensatory input and output currents required to correct 
unlinearity along the x axis. (Optional for low-level signal use.) 

lx, ly 

Input currents to be multiplied. 
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k 

Voltage Scale Factor (determines the gain of the multiplier). 

k ‘ 2 
Current Scale Factor (k|) = (Rj / R|_)k. 

k adjust 

Scale-Factor Adjustment. 

Linearity 

"Linearity" indicates the degree of multiplier error (i.e. 
deviation from "straight-line" characteristics) along each of 
the four boundaries of the input x, y field. These boundaries 
are formed when one input is held at one of the two 
maximum values (10 volts or —10 volts) and the other input 
is swept through the voltage range. (See Contour Map for 
additional information.) 

Linearity Adjust 

An external circuit to provide vernier adjustment for 
optimum linearity. This control should be adjusted before 
adjusting the y-balance control. 

Linearity Balance Circuit (Low-Level) 

This circuit makes the multiplier's transfer function linear for 
low-level x-input signals. 

Linearity Compensator 

Internal circuitry that converts input current into a non- 
linear voltage, a requisite for producing a linear output in the 
differential amplifiers of the multiplier circuit. 

Multiplier Circuitry 

Provides the product of the two input voltages. 

Multiplier Transfer Function 

This function mathematically describes the interaction of the 
two inputs and the resulting output signal. The basic transfer 
function for a multiplier -is 

k(V x + V xe ) (V y + V ye ) = V 0 + V oe 

where: k = k factor and represents the basic gain of the 
multiplier 

V x , V y = the external inputs to be multiplied 
V Q = the desired value of the product output signal 

Vxe. V ye = the "effective" errors that occur at the inputs 
of the multiplier and cause an output signal 
when either input is in a zero state. 

V oe = the error voltage that develops at the output of 
the multiplier 

DC correction factors are added to the multiplier inputs and 
output to compensate for the errors and offset variations. A 
complex linearity error term appears in the transfer function; 
however, this term is not included in the above equation for 
the purpose of clarity. 
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OPERATING CONSIDERATIONS 
Operation of a Multiplier 

A multiplier is, essentially, a gain-controlled amplifier (See 
Fig. 13 ) that multiplies the input signal (V x ) with the 
external gain controlling signal (Vy) to produce the resultant 
output (V Q ). The gain is externally adjustable by a coef- 
ficient (k). Stated simply, a multiplier produces an output 
voltage that is the linear product of two input voltages. 


Figure 15 shows a typical arrangement of three differential 
amplifiers to form a four-quadrant multiplier. This arrange- 
ment incorporates the operating principles of the two- 
quadrant multiplier, but, in addition, it permits both of the 
input signals (V x and Vy) to have positive or negative 
polarities (or zero). When either input is zero, the output 
current (li -I2) must, theoretically, be zero as is shown by 
the following: 



92CS-I9656 


Fig. 1 3— Gain-controlled amplifier. 


The basic multiplier, shown in Fig. 14a, is a two-quadrant 
multiplier. The input signal (V x ) may have either a positive 
or negative polarity whereas, the external gain-controlling 
signal (Vy) must be positive and greater than the base-to- 
emitter voltage (Fig. 14b). The output current (l-j - I2) of the 
differential amplifier, comprised of transistors Q1 and Q2, is 
related to both the input signal (V x ) and the current source 
(I). Since the current source (I) is related to the gain 
controlling signal (V y ) the output current (I1-I2), therefore, 
is related to both V x and Vy. 



a) Basic circuit. 
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b) Multiplier functional 
only in shaded region. 


1 . Assume V x = O, 

then i 1 = i2 and i3 = i4 
therefore ii+i4 = i2 + '3- 
Since li = ii+i4 and I2 = i2+>3, 
then 1 1 = 1 2- 

This equality is independent of V y 

2. Now assume Vy = 0, 
then i5 = i0. 

Sine i5 = ii+i2 and i6 = i3+i4, 
then h+i2 = 13+14. 

Since ij = i3 and i2 = i4 

then i -| +14 = i3+i2- 

Therefore h = 12- 

This equality is independent of V x . 



Fig. 14— Two-quadrant multiplier. 


Fig. 15— Basic four-quadrant multiplier. 


This relationship is essentially non-linear; thus an appro- 
priate linearization circuit must be provided in the input 
stage to achieve the following linear relationship: 

l 1 -l 2 = k'V x V y (Eq. 1) 

where k' is a constant 


The multiplying operation discussed in the previous section 
applies when neither V x nor V y is zero. The output current 
(l-|-l2) then satisfies Equation \, 

IH2 = k'V x V y . 
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The multiplying action of the four-quadrant multiplier is 
dependent on current unbalance in the three differential 
amplifiers. Ideally, the multiplying operation should not 
occur if either V x or V y is O. However, in practical 
applications slight current unbalances do exist. It is neces- 
sary, therefore, to null out such unbalances with external 
potentiometers prior to operation. 


TYPICAL OPERATING CONSIDERATIONS 

The RCA-CA3091D, shown in Fig. 2, is a four-quadrant 
multiplier that incorporates the basic multiplier principle, 
previously discussed in "Operation of a Multiplier". Because 
the design of this multiplier is based on the multiplication of 
two input currents to produce an output current it is 
necessary to convert the input voltages to input currents and 
the output current to an output voltage by inserting resistors 
at both input and output terminals. Fig. 1 shows the 
four-quadrant multiplier with its peripheral circuitry for 
nulling current unbalances. 

The Bias Current (I|b) at Term. 3 sets the operating current 
level for the entire multiplier circuit by means of a 
current-source circuit. Therefore, it is essential that this bias 
current level remain constant under all operating conditions. 
To maintain this steady state, a temperature compensated 
zener diode is provided on the chip and connected to the 
Reference Voltage (Term. 6). 

Linearity of the differential amplifier transconductance 
function is accomplished by linearity compensators as shown 


in Fig. 1. To correct low-level signal unbalances that may 
occur between Differential Amplifiers A and B, an external 
potentiometer is connected to Terminals 7 and 8 (See Fig. 
1). The Current Converter circuit, which consists of a set of 
current mirrors, supplies the output current (li -I2). It is 
important that circuit unbalances be corrected prior to 
operation. Table I describes the alignment procedures for 
correcting these unbalances. 

A multifunctional circuit board (Figs. 16 and 17) is available 
for performing the four basic applications, such as, multi- 
plying, dividing, squaring and taking the square root. 

When the CA3091D is used as a multiplier (Fig. 18) or as a 
squarer (Fig. 18) only the basic pheripheral circuitry on the 
multifunctional circuit board is utilized and the general- 
purpose operational amplifier (CA3741T) is disabled from 
operation. Follow the ac alignment procedures for these two 
applications before operating the circuit. 

When the CA3091D is used as a divider (Fig. 20), the 
operational amplifier is required in order to provide the 
proper negative feedback. The limitations for operation as a 
divider are that 0<V y ^ 10V and — 10V^ V z < 10V. Note, 
the range of V y is limited to the positive polarity; if V y was 
permitted to go negative, the feedback loop would go 
positive and, thereby, create an unstable operating condition. 

Alignment of the divider (Fig. 19) differs from multiplier and 
squarer alignment because of the additional variances intro- 
duced by the operational amplifier. A coupling capacitor is 


Table I 

AC Alignment Procedures For CA3091D, Four-Quadrant Multiplier 
(Refer to Fig. 16, for circuit pertaining to following alignment procedures.) 


Step 

Voltage Setting 

Control 

Test 

Measure 

Notes 

No. 

V x 

v v 

Adjust 

Equipment 

Used 

1 

- 

- 

- 

- 

- 

Set all potentiometers to center of range. 

2 

0 

V IM 

x Balance 

AC VM 

v 0 

Adjust for a minimum reading. 

3 

0 

V !M 

Linearity 

AC VM 

Vo 

Adjust for a minimum reading. 

4 

- 


~ 


- 

Repeat Steps 1 and 2 until no further improvement 
is noted. 

5 

V|M 

0 

y Balance 

AC VM 

Vo 

Adjust for a minimum reading. 

6 

0 

0 

Zero 

Output 

DC VM 

Vo 

Adjust for zero output. 

7 

VMID 

VMID 

R k 

AC /DC VM 

Vo 

Adjust for VJ^uq/iO at the output. 

8 

- 

- 

- 

- 

- 

Check multiplier for alignment in all four quadrants. 


V IM — Is the maximum AC swing of the sine wave that will be applied to the multiplier. A 20-volt p-p value is the nominal maximum swing 
of the AC sine wave with input resistors of 50 kilohms. 

V M I D — An AC or voltage that approximately satisfies the equation V M | D = Vj M/ / yfT. For example, if a 50-kilohm resistor is used with 
a 7-volt input, then should be adjusted for a 4.9-volt output. 
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CONNECT V x AND V y 


TERMINALS FOR SQUARER 
OPERATION 



a) Circuit arrangement for multiplier or squarer operation. 


o o c 
0 D 0 

W 

W 

W 

l 9 <j 

M 

G 


n 

n 

n 

L_ 

ij 



b) Terminal connections for multiplying operation. 



c) Terminal connections for squarer operation. 


Fig.1 8-Mu! ti function circuit -board arrangement with terminal connections for multiplier and squarer operation. 
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* SEE FIG. II FOR PERIPHERAL CIRCUITRY 92CS- 19653 

Fig. 19— (a) Divider alignment circuit. 


Fig.1 9— (b) Circuit to provide offset ac signal for use in 
divider alignment procedure. 



a) Circuit arrangement for divider operation. a) Circuit arrangement for square-rooter operation. 



b ) Terminal connections for divider operation. 



b) Terminal connections for square-rooter operation. 


Fig.20— Multifunction circuit-board arrangement with ter- Fig.21 —Multifunction circuit-board arrangement with ter- 
minal connections for divider operation. minal connections for square-rooter operation. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3093E 


16-Lead Dual-In-Line 

Plastic Package H 1622 


General-Purpose High-Current N-P-N 

Transistor 0 Zener Diode ° Diode Array 

Applications 

■ Signal processing and switching systems operating from 
DC to VHF 

■ Lamp and relay driver 

■ Differential amplifier 

■ Temperature-compensated amplifier 

■ Thyristor firing 

■ Temperature-compensated shunt regulator 

■ Temperature-compensated series regulator 

■ Level shifting 

■ Voltage-level clamping 


RCA CA3093E* is a versatile array of three high-current 
(to 100mA) NPN transistors, two 10%-tolerance Zener diodes 
and one conventional diode, all on a common monolithic 
substrate. Two of the transistors (Qi and Q 2 ) are matched 
at 1 mA for applications in which offset parameters are of 
special importance. The combination of positive Zener voltage 
temperature coefficients and negative forward base-emitter 
voltage temperature coefficients provides a unique tempera- 
ture compensation capability. 

Independent connections for each transistor and diode plus 
a separate terminal for the substrate permit maximum flexi- 
bility in circuit design. 

•Formerly developmental type TA61 19 
#Z-| , Z 2 and D1 are transistors internally connected as shown below. 



92CS- 19701 

SUBSTRATE 



Fig. 1 - Functional diagram of the CA3093E ( bottom view ) 


■ Current regulator 
n Voltage clamping 

■ Simple off-line regulated supply 

n See RCA Application Note, ICAN-5296 "Application of 
the RCA-CA301 8 Circuit Transistor Array" for applications 
in addition to those given on pages 5 & 6 of this bulletin. 

Features: 

■ 6 independent devices plus separate substrate connection 

■ Compensating temperature coefficients — VgE and Vpi 
VS. V z 

Transistors 

■ High lc (100mA max) 

■ Matched pair (QI & Q z ) 

V l0 = ±5mVmax'l „ , 1mA 
1 10 =2.5 /iA maxj u 

AViq/AT = 5 /iV/°C typ 

■ hpE = 40 min @ lc = 10mA 

or 50mA 

■ Low VcEsat . . . 0.7V max @ 50mA 

Zener Diodes 

■ Two 1/4W Zeners 

■ V Z = 7V ± 10% 

■ z z = 15f2 typ 

Diode 

■ Close forward voltage match to Vgg's of Q-j and Q z 

■ Vpiy = 5.5V min. 


11-73 
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MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25°C 
Power Dissipation: 

Any one transistor 

Any one Zener Diode 

Total package 

Above 25°C 

Ambient Temperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max 

The following maximum ratings apply for each transistor 


Col lector- to- Emitter Voltage (Vceo> 15 

Col lector- to- Base Voltage (Vcbo) 20 

Collector-to-Substrate Voltage (Vcio)* 20 

Emitter-to-Base Voltage (Vebo) 5 5 

Collector Current (I q) 100 

Base Current (I b) 35 


The following maximum ratings apply for each Zener Diode or Diode 

Zener Diode dc Current (1^) 

Zener Diode- to-Substrate Voltage (V^io)* 

Diode (D 1 ) Forward Cu rrent ( I d F ) 

Diode (D1) Reverse Voltage (Vqr) 

Diode (Dl)-to-Substrate Voltage (Vqiq)* 


35 

20 

50 

5.5 

20 


500 

250 

750 

. Derate linearly 6.67 

-55 to +125 

-55 to +150 

+265 


mW 

mW 

mW 

mW/°C 

°C 

°C 


°C 


V 

V 

V 

V 
mA 
mA 


mA 

V 
mA 

V 

V 


•The collector of each transistor, the cathode of each Zener diode, 
and the anode of the diode are isolated from the substrate by an 
internal diode. The substrate must be connected to a voltage which 
is more negative than any of these isolated terminals in order to 


maintain isolation between devices and provide normal transistor 
action. To avoid undesired coupling between devices, the substrate 
terminal (5) should be maintained at either dc or signal (ac) ground. 
A suitable bypass capacitor can be used to establish a signal ground. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 
For Equipment Design 


CHARACTERISTICS 


For Each Transistor: 



TEST CONDITIONS 

LIMITS j 


Min. 

Typ. 

Max. 


Collector-to-Base 

Breakdown Voltage 

v (BR)CBO 

l C = lOOpA, Ie = 0 

20 

Collector-to-Emitter 

Breakdown Voltage 

v (BR)CEO 

Iq = 1mA, Ib = 0 

15 

Col lector-to-Substrate 

Breakdown Voltage 

v (BR)CIO 

IC| = lOOpA, Ib = o, 
l E = 0 

20 

Emitter-to-Base 

Breakdown Voltage 

v (BR)EBO 

1 e = 500pA, Iq = 0 

5.5 

Collector-Cutoff-Current 

•CEO 

V CE = 10V, l B = 0 

- 


Collector-Cutoff-Current 

DC Forward Current 
Transfer Ratio 

Forward Base-to-Emitter Voltage 

Collector-to-Emitter 
Saturation Voltage 

Forward Base-to-Emitter 
Temp. Coefficient 


For Transistors Q1 and Q2 (As a Differential Amplifier): 
Absolute Input Offset Voltage IVjoi 

Absolute Input Offset Current I|jq| 

Temp. Coefficient of Offset Voltage IaVjo/ATI 


For Each Zener Diode 


Zener Voltage 


Zener Impedance 


Zener Reverse Current 


Zener Voltage Temp. Coefficient 


Zener-to-Substrate Breakdown 
Voltage 


Dissipation 


For Diode (D1) 


Diode Forward Voltage 


Diode Forward Current 


Diode Reverse- Breakdown Voltage 


Diode-to-Substrate 
Breakdown Voltage 


Diode Forward-Voltage 
Temp. Coefficient 




l c = 10mA 

40 

76 

- 

h FE 

V CE " 3V 

Iq = 50mA 

40 

75 

- 

< 

CD 

m 

V CE = 3V, l c = 10mA 

0.65 

0.74 

0.85 

v CEsat 

Iq = 50mA, Ig = 5mA 

- 

0.40 

0.70 

AV BE/AT 

l E = 10mA 

- 

-1.9 

- 


Vqe = 3V, Iq = 1mA 



1.2 

5 

mV 

0.7 

2.5 

MA 

5 

- 

pV/°C 




453 

















































BASE-TO-EMITTER SATURATION VOLTS (V BE 


CA3093E 


File No. 533 


TYPICAL STATIC CHARACTERISTICS 



Fig. 2 — hpE vs lc 



92CS-I9680 


Fig. 3 — V BE vs Iq and Vq / vs !qi 




Fig. 5 - V CEsat vs !q at 70° C 



Fig. 6 - V BEsat re lc 
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differential amplifier) 



TYPICAL APPLICATIONS 


1 50 
o 

£ 40 

z 

< 

S 30 
2 

£ 20 
z 

10 

Q. 

AMBIENT TEMPERATURE (T A )*25°C 
FREQUENCY (f )= t KHz 
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Fig. 10— Typical Zener impedance 
vs current 


a) ±7V Regulator supplying CA3093E Transistors plus an external b) 14V Regulator for Q1, Q2, Q3 
load. 




Sample Computation for Determining Permissible Zener Dissipation 
at +25°C. 

CA3093E Ratings at T A = +25°C 

Total Diss. Max = 750 mW (Derate @ 6.67 mW/°C above 25° C) 
Each Zener Diss. Max = 250 mW 
Max. Zener Current = 35 mA 


Typical Load Regulation 
for II = 0 to 25 mA 

AE L /E L x 100 * -6% 
(no load to full load) 


Typical Line Regulation 


(AE l /E l ) x 100 
AE unreg. 


± 0.9%/V 


Assume CA3093E Transistor/Diode Load Dissipation = 350 mW then 
max. total Zener Diss. (Pz 1 + Pz 2 ) = 750 - 350 = 400 mW 

. . . 400 mW 

UZi + IZ2' max 7\/ — = 57 mA 

(Note: Max. current rating on each Zener is 35 mA) 


Typical Temperature Characteristic 

ae l /e l 

7=-^ X 100 = +0.05%/°C 
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c) 8.6V Temp.-Compensated Shunt Regulator 


d) Temp.-Compensated Series Voltage Regulator 




Typical Temperature Characteristic @ R|_ = I 

AE L /E L x 100 = ± 0.007 %/°C 
AT 

Typical Load Regulation II = 0 to 40 mA 
(AEl/El) x 100=-3% (no load to full load) 

Typical Line Regulation at R[_ = 330S7 

ae l /e l 

77 x 1 00 = ± 0.55%/V 

AE unreg. 


e) Off-Line 7V Regulator 

OFF-LINE 7V REGULATOR 

PART 

HOOV R| r 2 CA3093E 



^ L =0 T 


Typical Temperature Characteristic© E|_ = 12V 

ae l /e l 

x 100 = ± 0.009%/° C 

AT 

Typical Load Regulation @ E L = 12V 

I L = 0 to 40 mA 

ae l 
El 


c 100 = ± 0.4% (no load to full load) 


Typical Line Regulation @ E|_ = 12V 
(AE L /E L ) x 100 
AE unreg. 


= ± 0.45%/V 


Typical Load Regulation = 
ll_ = 0 to 30 mA 


Typical E[_ Ripple Voltage = 70 mV p . p 
AE L 

= ~e — x 100 = -8.5% (no load to full load) 


(AE L /El) X 100 

Typical Line Regulation = — =± .075%/V 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3094, CA3094A, CA3094B 

Types 


S-Suffix Types 
8-LEAD TO-5 
with Dual-ln-Line 
Formed Leads 
"DIL-CAN" 

H-1787 



A 


T-Suffix Types 
8-LEAD TO-5 
H-1528 

CA3094E 

8-LEAD DUAL- 
IN-LINE PLASTIC 
PACKAGE 
“MINI-DIP" H-1817 


Programmable 
Power Switch/ 

Amplifier 

For Control & General-Purpose Applications 


CA3094: For Operation Up to 24 Volts 
CA3094A: For Operation Up to 36 Volts 
CA3094B: For Operation Up to 44 Volts 


The CA3094 is a differential-input power-control switch/ampli- 
fier with auxiliary circuit features for ease of programmability. 
For example, an error or unbalance signal can be amplified by 
the CA3094 to provide an on-off signal or proportional-control 
output signal up to 100 mA. This signal is sufficient to 
directly drive high-current thyristors, relays, dc loads, or power 
transistors. The CA3094 has the generic characteristics of the 
RCA-CA3080 operational amplifier directly coupled to an 
integral Darlington power transistor capable of sinking or 
driving currents up to 100 mA. 

The gain of the differential input stage is proportional to the 
amplifier bias current Oabc)' permitting programmable 
variation of the integrated circuit sensitivity with either 
^digital and/or analog programming signals. For example, at 
an IabC °* *00 M A, a one-millivolt change at the input will 
change the output from 0 to 100 mA (typical). 

The CA3094 is intended for operation up to 24 volts and is 
especially useful for timing circuits, in automotive equip- 
ment, and in other applications where operation up to 24 
volts is a primary design requirement (see Figs.27,28 and 29 in 
Applications Section). The CA3094A and CA3094B are 
like the CA3094 but are intended for operation up to 36 
and 44 volts, respectively (single or dual supply). 

Application Note ICAN-6668 describes the rudiments of 
Operational Transconductance Amplifiers (OTA's). 

These types are available in 8-lead TO-5 style packages with 
standard leads ("T" suffix) and with dual-in-line formed leads 
"DIL-CAN" ("S" suffix). Type CA3094 is also available in 
an 8-lead dual-in-line plastic package "MINI -DIP" ("E" suffix), 
and in chip form ("H" suffix). 

APPLICATION NOTE ICAN-6048 GIVES DETAILED APPLICA TION 
INFORMATION FOR THE CA3094. CA3094A, AND CA3094B. 


Features: 

■ Designed for single or dual power supply 

■ Programmable: strobing, gating, squelching, AGC capabilities 

■ Can deliver 3 watts (avg.) or 10 W (peak) to external load (in switching mode) 

■ High-power, single-ended class A amplifier will deliver power output of 0.6 
watt (1.6 W device dissipation) 

■ Total harmonic distortion (THD) @ 0.6 W in class A operation - 1.4% typ. 

■ High current-handling capability — 100 mA (avg.), 300 mA (peak) 

■ Sensitivity controlled by varying bias current 

■ Output: "sink" or "drive" capability 

APPLICATIONS: 

■ Error-signal detector: temperature control with thermistor 
sensor; speed control for shunt wound dc motor 

■ Over-current, over-voltage, over-temperature protectors 

■ Dual-tracking power supply with RCA-CA3085 

■ Wide-frequency-range oscillator ■ Analog timer 

■ Level detector ■ Alarm systems ■ Voltage follower 

■ Ramp-voltage generator ■ High-power comparator 

■ Ground-fault interrupter (GFI) circuits 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


CA3094 C A3 094 A CA3094B 


DC SUPPLY VOLTAGE: 

Dual Supply 

Single Supply 

DC DIFFERENTIAL INPUT VOLTAGE 

(Terminals 2 and 3) 

DC COMMON-MODE INPUT VOLTAGE 

PEAK INPUT SIGNAL CURRENT 

(Terminals 2 and 3) 

PEAK AMPLIFIER BIAS CURRENT 

(Terminal 5) 

OUTPUT CURRENT: 

Peak 

Average 

DEVICE DISSIPATION: 

Up to Ta = 55°C: 

Without heat sink 

With heat sink 

Above Ta - 55°C • 

Without heat sink derate linearly 

With heat sink derate linearly 

THERMAL RESISTANCE 

(Junction to Air) 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) 
from case for 10 s max 


± 12 V ± 18 V ± 22 V 

24 V 36 V 44 V 

± 5 * 

Term. 4 < Term. 2 & 3 < Term. 7 

± i 

2 

300 

100 


— 630 

— 1.6 

6.67 

- 16.7 

— 140 

-55 to +125 
-65 to +150 


+ 300 


"Exceeding this voltage rating will not damage the device unless the peak input signal current (1 mA) is also exceeded. 


V 

V 

V 


mA 

mA 

mA 

mA 


mW 

W 

mW/°C 

mW/°C 

oc/W 

oc 

°C 


oc 


SINK OUTPUT 
(COLLECTOR) 




NOTE . PIN 4 IS CONNECTED TO CASE 
TOP VIEW 


92CS-2488I 


TO-5 Style Package 


Plastic Package 


FUNCTIONAL DIAGRAMS 
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CA3094, CA3094A, CA3094B 


ELECTRICAL CHARACTERISTICS at T A = 25°C For Equipment Design 



CHARACTERISTIC 


INPUT PARAMETERS 


Input Offset Voltage 


Input-Off set- Voltage Change 


Input Offset Current 


Input Bias Current 


Device Dissipation 


Common-Mode Rejection Ratio 


Common-Mode Input- 
Voltage Range 


Unity Gain-Bandwidth 

Open-Loop Bandwidth 

At -3 dB Point BW ° L 

Total Harmonic Distortion 

THD 

(Class A Operation) 

Amplifier Bias Voltage 

Vabc 

(Terminal (No.5to Terminal No.4) 


Input Offset Voltage 

AVio/AT 

Temperature Coefficient 


Power-Supply Rejection AV|q/AV 


1/F Noise Voltage 


1/F Noise Current 


Differential Input Resistance 


Differential Injput Capacitance 


TEST CONDITIONS 


Single Supply V+ - 30 V 
Dual Supply V+ = 15V, 
V“ = 15 V 
I ABC ° 100/iA 
Unless Otherwise 
Specified 




T A = 25°C 
T A = 0 to 70°C 
Change in V|0 
Between I ABC = 100 n A 

and I ABC = 5/nA 

Ta = 25°C 

Ta = 0 to 70°C 

Ta = 25°C 
Ta = 0 to 70°C 


out ~ 0 


V+ = 30 V 

LOW 

V+= 15 V 
V-= 15 V 
IC = 7.5 mA 
VcE= 15 V 
I ABC = 50° MA 
IC = 7.5 mA 
VCE - 15 V 
I ABC = 50° MA 
Pq = 220 mW 
Pp = 600 mW 


i^ ar * Nlin. Typ. Max. 
Curves 




5 

mV 

7 

mV 

8 

mV 

0.2 

HA 

0.3 

HA 

0.50 

VlA 

0.70 

liA 

12 

mW 

- 

dB 
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ELECTRICAL CHARACTERISTICS at T A = 25° C For Equipment Design 



TEST CONDITIONS 


Single Supply V+ = 30 V 
_ Dual Supply V + = 15 V, 
r Te! V V“ = 15 V r Char 

C,rcu,t iabc=ioomA Curves 


OUTPUT PARAMETERS (Differential input Voltage = IV) 


Peak Output Voltage: 
(Terminal No. 6) 

With Q13 “ON" 
With 013 "OFF" 



Peak Output Voltage: 
(Terminal No. 8) 
With Q1 3 "ON" 
With Q13 "OFF" 


Peak Output Voltage: 
(Terminal No. 8) 
Positive 
Negative 


Col lector-to- E m i tter 
Saturation Voltage 
(Terminal No. 8) 


Output Leakage Current 
(Terminal No. 6 to 
Terminal No. 4) 


Composite Small-Signal 
Current Transfer Ratio (Beta) 
(di2 and Q13) 


Output Capacitance: 
Terminal No. 6 
Terminal No. 8 


TRANSFER PARAMETERS 



Forward Transconductance 
To Terminal No. 1 


Slew Rate: 

Open Loop: 
Positive Slope 
Negative Slope 


Unity Gain 

(Non-Inverting, 

Compensated) 
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Fig2— Input offset voltage vs. amplifier bias 
current (I a or* terminal No. 5). 
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AMPLIFIER BIAS MICROAMPERES (I ABC ) 

9ZCS-I7S89 


Fig.3— Input offset current vs. amplifier bias 
current (I a or' terminal No. 5). 
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AMPLIFIER BIAS CURRENT (I A Bc)—pA 


Fig.4— Input bias current vs. amplifier bias 
current (I a terminal No. 5). 


Fig. 5- Device dissipation vs. amplifier bias 
current (I a or terminal No. 5). 
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Fig 6— Amplifier supply current vs. amplifier 
bias current H ABC terminal No - Si- 


Fig.? -Common mode input voltage vs. amp- 
lifier bias current UaBC terminal 
No. 51. 


461 





CA3094, CA3094A, CA3094B 


.File No. 598 


Typical Characteristics Curves 


SUPPLY VOLTAGE V;(V~)«-I5V 

SOURCE RESISTANCE (R$)«On 
AMBIENT TEMPERATURE (T A )-25*C 
FOR TEST CIRCUIT, SEE FIG. 21 




Fig.8—1/F Noise voltage vs. frequency. 


Fig. 9— 1/F Noise current vs. frequency. 



4 6 8 IOO 2 4 6 8 1000 


COLLECTOR CURRENT II C )*mA 
Fig. 1 0-Collector-emitter saturation voltage 
vs. collector current of output tran- 
sistor Q.o. 


COLLECTOR MILLIAMPERES (I c ) — mA 

9i 

Fig. 1 1— Composite dc beta vs. collector cur- 
rent of Darlington-connected output 
transistors Qj2> ®13- 


AMPLIFIER BIAS CURRENT (I A8C )’500 M A 

I 'Nj/ T 


PHASE ANGLE N. \ 
-U A Bc-500mA) -] \\ 


SUPPLY VOLTAGE (V+)* + l5V;(V*)*-l5\f 
LOAD RESISTANCE (R L )-2Kil 
(TERMINAL 6 TO V) 

AMBIENT TEMPERATURE (T A )*25°C 
FOR TEST CIRCUIT, SEE FIG 22 


l° 5 [SUPPLY VOLTS: V + =+l5,V“ = -l5 


Fig. 12— Open-loop voltage gain vs. frequency. 


I 10 100 IOOC 

AMPLIFIER BIAS MICROAMPERES (I ABC ) 

92CS-I7S99 

Fig. 13— Forward transconductance vs. amp- 
lifier bias current. 
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Typical Characteristics Curves 



92CS-20393 



Fig. 14— Slew rate vs. amplifier bias current. 


Fig. 15— Slew rate vs. closed-loop voltage gain. 



Fig. 16— Phase compensation capacitance and 
resistance vs. closed-loop voltage gain. 


OPERATING CONSIDERATIONS 

The "Sink" Output (terminal No. 8) and the "Drive" Output 
(terminal No. 6) of the CA3094 are not inherently current 
(or power) limited. Therefore, if a load is connected between 
terminal No. 6 and terminal No. 4 (V~ or ground), it is 
important to connect a current limiting resistor between 
terminal 8 and terminal No. 7 (V + ) to protect transistor Q13 
under shorted load conditions. Similarly, if a load is 
connected between terminal No. 8 and terminal No. 7, the 
current-limiting resistor should be connected between ter- 
minal 6 and terminal No. 4 or ground. In circuit applications 
where the emitter of the output transistor is not connected 
to the most negative potential in the system, it is recom- 
mended that a 100-ohm current-limiting resistor be inserted 
between terminal No. 7 and the V + supply. 


TEST CIRCUITS 

1/F Noise Measurement Circuit 

When using the CA3094, A, or B audio amplifier cir- 
cuits, it is frequently necessary to consider the noise perform- 
ance of the device. Noise measurements are made in the circuit 
shown in Fig. 21. This circuit is a 30-dB, non-inverting amp- 
lifier with emitter-follower output and phase compensation 
from terminal No. 2 to ground. Source resistors (Rs) are set to 
O.ft or 1 M£2 for ^ noise and * noise measurements, respec- 
tively. These measurements are made at frequencies of 10 Hz, 
100 Hz, and 1 kHz with a 1-Hz measurement bandwidth. 
Typical values for 1/f noise at 10 Hz and 50 /iA l/\BC are 
E n = 18 nV/yjft and ! N = 18 P A {yR7- 
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(cont'd) 

TYPICAL APPLICATIONS 

For Additional Application Information, refer to Application 
Note I CAN-6048 "Some Applications of a Programmable 
Power/Switch Amplifier 1C". 

Design Considerations 

The selection of the optimum amplifier bias current (lABC) 
depends on — 

1. The Desired Sensitivity - the higher the I ABC. the higher 
the sensitivity — i.e., a greater-drive current capability at 
the output for a specific voltage change at the input 

2. Required Input Resistance — the lower the IaBC» the 
higher the input resistance 

If the desired sensitivity and required input resistance are not 
known and are to be experimentally determined, or the 
anticipated equipment design is sufficently flexible to toler- 
ate a wide range of these parameters, it is recommended that 
the equipment designer begin his calculations with an Iabc 
of 100 /iA, since the CA3094 is characterized at this value of 
amplifier bias current. 


Fig.24— Slew rate vs. non-inverting unity gain test circuit. 


■H5V 




S2 SET TO R 4 

Fig.26— Presettable analog timer. 92C 


The CA3094 is extremely versatile and can be used in a wide 
variety of applications: 





WHERE « f ( £2, DEPENDS 0 N THE 

E|N Z| 

CHARACTERISTICS OF Z| AND Z 2 
(a). 

Fig. (a) As an inverting op-amp. 



*IN SINGLE- ENOED OUTPUT OPERATION, THE CA3094 
MAY REQUIRE A PULL UP OR PULL DOWN RESISTOR 

92CS-20383 

Fig. lb) In a non-inverting mode as a follower. 
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Typical Applications (cont'd) 



TIME DELAY (SECONDS) «RC APPROX. 


Problem: To calculate the maximum value of R required to 

switch a 100-mA output current comparator 
18 V 

3iven: I ABC = 5fiA, RABC = 36 ~ ' — “ 

5/iA 

1 1 = 500 nA @ I ABC = 100 juA (from Fig. 4) 

1 1 = 5 jiA can be determined by drawing a line on 
Fig. 4 through I ABC = 100 juA and lg = 500 nA 
parallel to the typical Ta = 25°C curve. 

Then: l| = 33 nA @ I ABC = 5 juA 

R max =18-12 volts = 180 Mft @ T/\ = 25°C 



R max = 180 M12 x 2/3* = 120 @ T A = -55°C 

*Ratio of 1 1 at Ta = +25°C to l| at Ta = -55°C for any 
given value of IabC- 

Fig.27—RC timer. 



TIME CONSTANT 1 « RCxIZO 


TRADEMARK ruL 

E.I. DUPONT DE NEMOURS 


PULSE WIDTH wWK 


C 9ZCS-Z0407 


On a negative-going transient at input (A), a 
negative pulse at C will turn "on" the CA3094, 
and the output (E) will go from a low to a high 
level. 

At the end of the time constant determined by Ci , 
Rl, R 2 , R 3 , the CA3094 will return to the "off" 
state and the output will be pulled low by 
RLOAD- This condition will be independent of 
the interval when input A ieturns to a high level. 

Fig.29—RC timer triggered by external negative pulse. 



Fig.28— Free-running pulse generator. 


Fig. 30— Single-supply astable multivibrator. 







ALL RESISTANCES IN OHMS -1/2 WATT 


•2CM 20270 


Fig.34-Temperature controller. 
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TYPICAL PERFORMANCE DATA - For 12-W Audio Amplifier Circuit 

Power Output (8f2 load, Tone Control set at "Flat") 

Music (at 5% THD, regulated supply) ^5 

Continuous (at 0.2% IMD, 60 Hz & 2 kHz mixed in a 4:1 ratio. 

unregulated supply) See Fig. 8 In ICAN-6048 ^ 

Total Harmonic Distoration 


At 1 W, unregulated supply 

At 12 W, unregulated supply 

Voltage Gain 

Hum and Noise (Below continuous Power Output) 

Input Resistance 

Tone Control Range 


0.05 

0.57 

. ’ ’ ’ 40 

83 

250 

See Fig. 9 In ICAN-6048 


W 

W 

% 

dB 

dB 

kfi 


Fig.35— 12-watt amplifier circuit featuring a true- 
complementary output stage with CA3094 
in driver stage. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3095E 



Super-Beta Transistor Array 

Differential Cascode Amplifier Plus 3 Independent Transistors 


Applications 

Differential Cascode Amplifier: 

■ Super-beta pre-amplifier for op-amp 

■ High-impedance dc meter amplifier 

■ Low-noise video amplifier 

■ Piezoelectric transducer amplifier 

■ Long-interval timer 

■ Low-noise amplifier— for operation f 


■ Long-duration one-shot multivibrator 

■ Comparator with high-input impedance 

■ Long-time-constant integrator 

■ Photocell amplifier 
high-source impedances 


Independent Transistors: 

■ General use in signal processing systems in dc through vhf range 


RCA-CA3095E* is a monolithic array of transistors con- 
nected as a super-beta differential cascode amplifier with 
three independent n-p-n transistors. (Refer to Fig. 1 for 
following description.) 

The differential cascode amplifier incorporates two cascode 
amplifiers consisting of transistors Q1, Q3 and Q2, Q4, 
respectively, plus a voltage-limiting circuit, consisting of 
diodes D1, D2 and p-n-p transistor Q5. Two of these 
transistors, Q1 and 02, are super-beta types that have an 
hfE > 1000 and are capable of operating over a wide current 
range of 1 At A to 2 mA. Each of these types comprises the 
input section of its respective cascode amplifier. The output 
section of each cascode amplifier employs a conventional 
n-p-n transistor, Q3, Q4, respectively. The output signal is 
obtained at the collectors of these transistors. See Operating 
Considerations on page 8 for bias considerations of the 
differential cascode amplifier. 

The exceptionally high-beta characteristics of Q1 and Q2, 
plus the large signal-voltage swing capability of Q3 and Q4, 
make the composite differential cascode amplifier an excel- 
lent choice for a broad range of small-signal, high-input- 
impedance amplifier applications including low-noise video 
amplifiers. This amplifier is also recommended for use in 
long-interval timers, oscillators, and long-duration one-shot 
applications. 

The independent transistors, Q6, Q7 and Q8, are high-voltage 
silicon n-p-n conventional types for general use in signal 
processing systems in the frequency range from dc through 
vhf. Separate terminals for each of these transistors permit 
maximum flexibility in circuit design. 

The CA3095E is supplied in a 16-lead dual-in-line plastic 
package and operates over the ambient temperature range of 
— 55°C to +125°C 

* Formerly developmental type TA6269X. 


Features 

■ Two super-beta n-p-n transistors — hfE > 1000 

■ Voltage-limiting circuitry (D1, D2, Q5) 

■ Operation possible at l|B down to < 1 nA 

■ Matched pair (Q1 and Q2) — 

V|o = 5 mV max. at lc = 100 aiA dc 
l|0 = 20 nA max. at Iq = 100 fiA dc 

■ Wide current range — < 1 a*A to 2 mA 
Independent Transistors: 

■ hpE = 300 typ. for each transistor 

■ Wide current range — < 1 aiA to 10 mA 

■ Matched general-purpose transistors 

■ High voltage — VcBO = 45 V max. 
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MAXIMUM R ATI NGS, Absolute-Maximum Values at T/\ = 25° C 


Power Dissipation: 


Any One Transistor 

Total Package— 

300 

mW 

Up to 25 °C 

750 

mW 

Above 25 C derate linearly 

Ambient Temperature Range: 

6.67 

mW/°C 

Operating 

-55 to +125 

°C 

Storage 

Lead Temperature (During Soldering): 

At distance not less than 1/32" (0.79 mm) 

—55 to +150 

°c 

from case for 10 seconds max 

Voltage and Current Ratings Apply for Each 
Specified Transistor: 

Super-Beta Transistors (Q1. Q2)— 

+265 

°c 

Collector-to-Base Voltage (Vqbo) 

6 

V 

Emitter-to-Base Voltage (V^bo) 

6 

V 

Collector-to-Substrate Voltage (Vqio)*- • 

45 

V 

Collector Current (Iq) 

50 

mA 

Base Current Ob) 

20 

mA 


Conventional N-P-N Transistors (Q3, Q4, Q6, 

Q7, Q8) — 

Collector-to-Base Voltage (Vqbo) 45 V 

Collector-to-Emitter Voltage (Vqeq) ■ • • 35 V 

Emitter-to-Base Voltage (V^bo^ 6 V 

Collector-to-Substrate Voltage (Vqiq)*. . 45 V 

Collector Current (Iq) 50 mA 

Base Current (I B ) 20 mA 

Conventional P-N-P Transistor (Q5)— ■ 

Collector-to-Base Voltage (Vqbo) —45 

Collector-to-Emitter Voltage (Vqbq) • • • —35 

Limiting Circuit Current (lpj n 1 1) 20 mA 


* The collector of each transistor is isolated from the substrate by 
an integral diode. The substrate must be connected to a voltage 
which is more negative than any collector voltage in order to 
maintain isolation between transistors and provide normal transistor 
action. To avoid undesired coupling between transistors, the 
substrate terminal should be maintained at either dc or signal (ac) 
ground. A suitable bypass capacitor can be used to establish a signal 
ground. 


STATIC CHARACTERISTICS 


Characteristics 

Symbol 

Test Conditions 

Limits 

Units 

T a = 25 °C 

Min. 

Typ. 

Max. 

Characteristics Apply for Each Super-Beta Cascode Amplifier Transistor 

Pair (Q1, Q3) and (Q2, Q4), Unless Indicated Otherwise 

Collector-to-Base Breakdown Voltage 

v (BR)CBO 

Iq = 10 m A, lg = 0 See Note 1 

6 


- 

mg 

Emitter-to-Base Breakdown Voltage 
(Applies only to Q1 & Q2) 

v (BR)EB0 

i a . o Term. 9 to 8 or 

(g = 100mA, i c = o Term 7to8 

D 

D 

- 

a 

Collector-to-Substrate Breakdown Voltage 

v (BR)CIO 

l C | = 100 pA. I B = IE = 0 

■a 


~ 

in 

Collector Cutoff Current 

>CER 

V 6 _ 8 or V-jo— 8 = 10 V. 1 n = 100 pA 

Rbe = 100 Ml2 

■ 

B 



DC Forward-Current Transfer Ratio 

hFE 

V 10 _ 8 = 5 V 
or 

V 6 — 8 = 5 V 

Iq = 1 mA 

- 


- 


Iq = 100 jiA 


2000 

5000 

' q = 1 0 pA 

- 


- 

Base-to-Emitter Voltage 

(Applies only to Q1 & Q2) 

V BE 

Iq = 100 mA, Vg— 8 or v 10-8 = 5 V 

0.50 

0.59 

0.68 


Saturation Voltage 

V S at 

1 6 or 1 1 0 = 1 m A, 1 1 1 = 100 juA, 

17 or Ig = 100 mA 

- 


D 


| For Cascode Amplifiers as a Differential Matched Pair | 

Magnitude of Input-Offset Voltage 

liol 

Iq = 100 mA 

V6-8 = Viq_8 = 5 V 

- 

1 

a 

mV 

Magnitude of Input-Offset Current 

liiol 

- 

4 


nA 

Magnitude of Input-Offset Voltage Drift 
(Temp. Coeff.) 

|AV|qI 

At 


3.3 



Magnitude of Input-Offset Current Drift 
(Temp. Coeff.) 

lAiiol 

At 

- 

0.05 

- 

nA/°C 


Note 1 : Terminal No. 9 to terminals 10 and 1 1 connected or terminal No. 7 to terminals 6 and 1 1 connected. 
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STATIC CHARACTERISTICS (Cont'd) 


Characteristics 

Symbol 

Test Conditions 

■BSESBEN 


O 

in 

CM 

ii 

< 

1- 

I 

E| 

| 

For Each Conventional n-p-n Transistor (Q3 

, Q4, Q6, Q7, 

□8) j 

Collector-to-Base Breakdown Voltage 

V(BR)CBO 

lc = 10 pA, i e = 0 

m 

jj^j 

- 

V 

Collector-to-Emitter Breakdown Voltage 

v (BR)CEO 

Iq = 1 mA, 1 g = 0 

E 

ES 

- 

V 

Emitter-to-Base Breakdown Voltage 

V(BR)EBO 

l E = 100 mA, l C = 0 


EE 

- 

V 

Collector-to-Substrate Breakdown Voltage 

v (BR)CIO 

l C | = 100 pA, l B = 1 E = 0 

■ 

m 


V 

Collector Cutoff Current 

'CEO 

V CE = 10 V, l B = 0 


E 


nA 

Collector Cutoff Current 

'CBO 

V CB = 10 V. I E = 0 


- 

m 

nA 

DC Forward-Current Transfer Ratio 

h FE 

V CE = 5 V 

Iq = 10 mA 


IBH 

EE 


1 C = 1 m A 


|E3| 

yy 


l c = 10 pA 

E^ 

B 

E 



Base-to-Emitter Voltage 

V BE 

Iq = 1 mA, Vq E = 5 V 


IEH 

on 

IE 

Collector-to-Emitter Saturation Voltage 

VcE(sat) 

Iq = 10 mA, 1 B = 1 mA 

E 

IBH 


IEHD 


Dynamic Characteristics 




Test Conditions 



Characteristics 

Symbol 

T A = 25°C 






Characteristics Apply for Each Super-Beta Cascode Amplifier Transistor 
Pair (Q1, Q3), Unless Indicated Otherwise 


Gain-Bandwidth Product 

f T 

l C = 100 pA. V 6 _8 = V 10 _8 = 5V, 


a 

- 

MHz 

Noise Voltage (Referred to Input) 

For Differential Amplifier Operation 


Iq = 50 pA, f = 10 Hz 

E 

H 

■I 

n V/ 7Hz 

Noise Current (Referred to Input) 

For Differential Amplifier Operation 


1C = 5 mA. f = 10 Hz 

- 


■ 


Collector-to-Base Capacitance 

CCB 

V6-7 = VlO-9 = 5V,l E =0 

- 

E 


pF 

Collector-to-Substrate Capacitance 

ccio 

V6-5 = Viq_ 5 = 5 V, l B = 0 

- 

BS 

- 

pF 

For Each Conventional Transistor (Q3 through Q8) 

Gain-Bandwidth Product 

m 

Iq = 100 pA, Vq E = 5 V 

- 


EB 

m 

Iq = 3 mA, Vq E = 5 V 

- 

jEH 

see 

Noise Voltage (Referred to Input) 


Iq = 100 pA, V CE = 5 V, f = 10 Hz 

- 


rz: 

nV/7Hl 

Noise Current (Referred to Input) 

'N 

Iq = 10 pA, Vq E = 5 V, f = 10 Hz 

- 

IBS 

EB 

pa/ThT 

Collector-to-Base Capacitance 

C CB 

V CB = 5 V, l E = 0 

- 

ie a 

Efl 

PF 

Collector-to-Substrate Capacitance 

c CIO 

Vqi =5V,I B = 0 

- 

Li_ 

i__ 

PF 


* Curve plotted forlQgQ characteristic. 
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Fig.6— Collector cut-off current vs ambient 
temperature for super-beta cascode 
pairs. 


Fig.7—hp£ vs. Iq for each super-beta cascode 
amplifier transistor pair (Q1, Q3) and 
(02, Q4). 
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Fig. 18— I m vs. f for each super-beta cascode 
amplifier transistor pair (Q1, Q3) and 
(Q2. Q4). 
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Fig.20—CQB vs. VqbO for each super-beta 
cascode amplifier transistor pair (Q 1, 
Q3 1 and (Q2, Q4). 



92CS-20366 


Fig.21 —Cqj vs. Vqio for each super-beta 
cascode amplifier transistor pair (Q1, 
Q3I and (Q2, Q4). 



Fig.22-Gain bandwidth product vs collector 
current for the conventional 
transistors. 
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Fig.23— Noise voltage vs frequency for the 
conventional transistors. 



Fig. 24 -1ft vs. f for each conventional tran- 
sistor (Q6, Q7, Q8). 
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Fig.25—Colfector-to-base and emitter-to-base 
capacitances vs bias voltage for the 
conventional transistors. 
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92CS-Z0370 

Fig.26-Collector-to-substrate capacitance vs bias voltage 
for the conventional transistors. 


TYPICAL APPLICATIONS 



Fig.27—Bias arrangement for operation of the super-beta 
differential cascode amplifier. 


Operating Considerations 

Operation Considerations for the Super-Beta Differential 
Cascode Amplifier 

An internal voltage-limiting network (diodes D1, D2 and 
p-n-p transistor Q5) incorporated in the differential cas- 
code amplifier, assures that the applied collector-to-emitter 
voltage of each super-beta unit is maintained below two 
volts. Fig. 27 shows a typical bias arrangement of the 
super-beta differential cascode amplifier. 

Bias current for this network must be supplied by an 
external source. This bias current can be obtained by 
simply connecting a resistor from Pin 11 to the positive 
supply of the differential amplifier. The return path for 
most of the bias current is through the substrate. Pin 5, 
rather than through the common emitter. Pin 8. This 
arrangement provides superior common-mode and power- 
supply rejection. As a general rule-of-thumb, the current 
supplied into Pin 11 should be approximately 0.04 to 0.1 
times the value of the quiescent current of Pin 8. 
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TYPICAL APPLICATIONS (Cont'd) 



* SEE FIG. 27 

Fig. 28— Super- beta Op-Amp with diode drive network. Fig. 29-Super-beta Op-Amp with resistor drive network. 




92CS-20376 


Fia.32— Long-defay monostable multivibrator circuit. 


Fig.31— Typical high-input-impedance dc voltmeter circuit. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3096AE 

CA3096E 



N-P-N/P-N-P Transistor-Array 1C 

Features: 

m Matched General-Purpose Transistors (CA3096AE Only) 

■ Input Offset Voltage ± 5 mV 

■ Input Offset Current: 

p-n-p Pair ± 250 nA max. @ Iq = —100 juA 
n-p-n Pair ± 0.6 /iA max. @ Iq = 1 mA 

■ High hp|= 

n-p-n transistor: 150 min. @ Iq = 1 mA 
p-n-p transistor: 40 min. @ Iq = 100 /uA 

■ High Breakdown Voltages: 

n-p-n transistor: V( BR jq E q = 35 V min; V( BR )q B q = 45 V min. 
p-n-p transistor: V( BR ) CE0 = 40 V min; V( BR ) CB0 = 40 V min. 

■ Separate Substrate Connection 


RCA-CA3096E # and CA3096AE # are general-purpose high- 
voltage silicon transistor arrays. Each array consists of five 
independent transistors (two p-n-p and three n-p-n types) on 
a common substrate, which has a separate connection. 
Independent connections for each transistor permit maxi- 
mum flexibility in circuit design. 

Types CA3096AE and CA3096E are identical, except that the 
CA3096AE specifications include parameter matching and 
greater stringency in ICBO* 'CECL an d VcE(SAT) (seeTablel). 


■ Low Noise Figure: 

n-p-n transistor: 2.2 dB typ. at 1 kHz 
p-n-p transistor: 3 dB typ. at 1 kHz 

Applications: 

■ Differential Amplifiers 

■ DC Amplifiers 

■ Sense Amplifiers 

■ Level Shifters 


CA3096E and CA3096AE are supplied in 16-lead dual-in-line 
plastic packages. 

* Formerly RCA Developmental No. TA6270. 

MAXIMUM RATINGS, Absolute Maximum Values at T A = 25° C 
Each n-p-n Each p-n-p 
Transistor Transistor 


Timers 

Lamp and Relay Drivers 
Thyristor Firing Circuits 
Temperature-Compensated Amplifiers 


Collector-to-Emitter Voltage . 

v CEO 

35 

— 40 

V 

H 


Collector-to-Base Voltage . . . 

v CBO 

45 

-40 

V 



Col lector-to-Su bstrate 







Voltage 

v CIO 

45 

-45 

V 



Emitter-to-Base Voltage . . . . 

v EBO 

6 

-40 

V 

Temperature Range: 


Collector Current 

>c 

50 

-10 

mA 

Operating 

-55 to +125 

Dissipation Pq: 





Storage 

—65 to +150 

Up to T/\ = 55 °C: 





Lead Temperature (During Soldering) 


Device (Total) 



750 

mW 

At distance 1/16 ±1/32" 


Each Transistor 



200 

mW 

(1 .59 ± 0.79 mm) from case for 


Above T/\ = 55 °C 


Derate Linearly 6.67 

mW/°C 

10 seconds max 

265 


TABLE I— CA3096AE AND CA3096E ESSENTIAL DIFFERENCES* 


RCA 

TYPE 




|V| 0 I 

(mV) 


n-p-n 

p-n-p 

n-p-n 




n-p-n 

p-n-p 



CA3096AE 

40 

-40 

100 



0.4 

5 

5 


0.25 

CA3096E 

100 

-100 



1.0 


- 

- 


- 


* Maximum values. 
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CA3096E, CA3096AE 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C (For Equipment Design) 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

CA3096AE, CA3096E 
LIMITS 

UNITS 


Typ. 

Max. 


For Each n-p-n Transistor: 



| 

■ 


H 

Collector-Cutoff Current (CA3096AE) 

Collector-Cutoff Current (CA3096AE) 

'CEO 


- 


KPt 

HflQf 

Collector-Cutoff Current (CA3096E) 

'CBO 

V C B= 10 V # l E = 0 

- 


■ 

HBI 

Collector-Cutoff Current (CA3096E) 

'CEO 

V C E = 10 V, l B = 0 

- 

0.0055 

i 

MA 

Collector-to-Emitter Breakdown Voltage 

v (BR)CEO 

lc = 1 mA, 1 B = 0 

35 

50 

- 

V 

Collector-to-Base Breakdown Voltage 

v (BR)CBO 

l c = 10jUA, I E = 0 

45 

100 

- 

V 

Collector-to-Substrate Breakdown Voltage 

v (BR)CIO 

l C | = 10/UA, l B = l E = 0 

45 

100 

- 

V 

Emitter-to-Base Breakdown Voltage 

v (BR)EBO 

l E = 10 /UA, lc = 0 

6 

8 

- 

V 

Emitter-to-Base Zener Voltage 

v z 

IZ = 10/iA 

6 

7.9 

9.8 

V 

Collector-to-Emitter Saturation Voltage 
(CA3096AE) 

V CE(SAT) 

1(2 - 1 0 mA, 1 B = 1 mA 

_ 

0.24 

0.5 

v V 

Collector-to-Emitter Saturation Voltage 
(CA3096E) 


1(2 = 10 mA, 1 B - 1 mA 

_ 

0.24 

0.7 

V 

Base-to-Emitter Voltage 

V BE 

l c = 1 mA, V(2E = 5V 

0.6 

0.69 

0.78 

V 

DC Forward-Current Transfer Ratio 


150 

390 

500 


Magnitude of Temperature Coefficient: 


l C = 1 mA, V CE = 5 V 


-1.9 


BUI 

V BE (for eac h transistor) 

For Each p-n-p Transistor: 

'CBO 

Vcb = -10 V, l E = 0 


-0.055 

40 

MB 

Collector-Cutoff Current (CA3096AE) 

Collector-Cutoff Current (CA3096AE) 

'CEO 

o 

m 

> 

o 

7 

UJ 

CJ 

> 

- 

-0.12 

100 

nA 

Collector-Cutoff-Current (CA3096E) 

'CEO 

o 

DQ 

> 

O 

7 

UJ 

O 

> 

- 

-0.12 

1 

jUA 

Collector-Cutoff-Current (CA3096E) 

'CBO 

v C b = -lov, i E = o 

- 

-0.055 

100 

nA 

Collector-to-Emitter Breakdown Voltage 

v (BR)CEO 

l C = —100 fJA, l B = o 

-40 

-75 

- 

V 

Collector-to-Base Breakdown Voltage 

v (BR)CBO 

lc = -10JUA, l E = 0 

-40 

-80 

- 

V 

Emitter-to-Base Breakdown Voltage 

v (BR)EBO 

l E = -10jUA, I C = 0 

-40 

-100 

- 

V 

Emitter-to-Base Zener Voltage 

Vz 

lz = 10jUA 

10 

16 

- 

V 

Emitter-to-Substrate Breakdown Voltage 

v (BR)EIO 

'El = 10 jUA. I B = I C = 0 

-40 

-100 


V 

Collector-to-Emitter Saturation Voltage 

V CE(SAT) 

1C = -1 mA, l B = -100 JUA 

- 

-0.16 

-0.4 

V 

Base-to-Emitter Voltage 

V BE 

1C = -100 JUA, V CE = -5 V 

-0.5 

-0.6 

-0.7 

V 

DC Forward-Current Transfer Ratio 

h FE 

1 C — — 1 00 JUA, V CE = -5 v 

40 

85 

200 


l C = -1 mA, V CE = -5 V 

20 

47 

150 


Magnitude of Temperature Coefficient: 

Vbe (f° r ea£ h transistor) 

|Av be /At| 

1 C = — 1 00 JUA, V CE = -5 V 

_ 

-2.2 

_ 

mV/°C 

[ For Transistors Q1 and Q2 (As a Differential Amplifier): CA3096AE ONLY f 

Absolute Input Offset Voltage 



_ 

0.3 

5 

■9 

Absolute Input Offset Current 

tsmm 

VcE = 5 V, lc = 1 mA 

- 



JUA 1 

Absolute Input Offset Voltage Temperature 

Coefficient 


Avio 



_ 




At 

| For Transistors Q4 and Q5 (As a Differential Amplifier): CA3096AE ONLY 

Absolute Input Offset Voltage 

l v iol 


- 

0.15 

5 

mV 

Absolute Input Offset Current 

liiol 

V CE = -5 V, l C = -100 JUA 

R s = o 

- 

2 

250 

nA 

Absolute Input Offset Voltage Temperature 
Coefficient 

. 

AV I0 

At 


_ 

0.54 

_ 

JUV/°C 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C 
Typical Values Intended Only for Design Guidance 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

TYPICAL VALUES 

UNITS 

| For Each n-p-n Transistor 

Noise Figure (low frequency) 

NF 

f » 1 kHz, V C E = 5 V, 
l C = 1 mA, R S = 1 k£2 

2.2 

dB 

Low-Frequency, Input Resistance 

R i 

f= 1.0 kHz, Vpp = 5 V, 
l c -1mA 

10 

k!2 

Low-Frequency Output Resistance 

R o 

80 

k!2 

Admittance Characteristics: 








7.5 


Forward Transfer Admittance 



— i 13 

mmho 

Input Admittance 

■ 

f = 1 MHz, V C E = 5 V, 

2.2 

■■ 


l C = 1 mA 

i3.i 

mm 

Output Admittance 

9oe 


0.76 

■ ■ 

Voe — — 
b oe 


]2.4 

■B 

Gain-Bandwidth Product 

f-T 

V ce = 5V, l C = 1.0 mA 

280 



V C E = 5 V, l C = 5 mA 

335 


Emitter-to-Base Capacitance 

CEB 

V E B = 3V 

0.75 

PF 

Collector-to-Base Capacitance 

C CB 

V C B = 3 V 

0.46 

PF 

Collector-to-Substrate Capacitance 

Cci 

V C | = 3 V 

3.2 

PF 

For Each p-n-p Transistor 

Noise Figure (low frequency) 

NF 

f = 1 kHz, 

l C = 100 JUA, R S = 1 kH 

3 

dB 

Low-Frequency Input Resistance 

Ri 

f = 1 kHz, V C E = 5 V, 

27 

kf2 

Low-Frequency Output Resistance 

Ro 

Iq = 100 /iA 

680 

k£2 

Gain-Bandwidth Product 

«Y 

Vce = 5V, l C = 100 fJA 

6.8 

MHz 

Emitter-to-Base Capacitance 

C EB 

V E B = -3V 

0.85 

PF 

Collector-to-Base Capacitance 

CCB 

V C b - -3 V 

2.25 

PF 

Base-to-Substrate Capacitance 

Cbi 

V B |=3V 

3.05 

PF 
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Fig.3— Collector cut-off current U q B q) as a 
function of temperature (n-p-n). 


COLLECTOR CURRENT (I c ) — mA 

92CS 

Fig.4-Transistor ( n-p-n) hp E as a function of 
collector current. 


0.9 COLLECTOR-TO-EMITTER VOLTAGE (V CE )*5V 
AMBIENT TEMPERATURE (T A )*25°C I I 


4 6 8 ' 2 4 6 8 ' 2 4 6 8 1 

0.1 I IC 

COLLECTOR CURRENT (I c ) — mA 



1 

B 

n 

l 

■ 

■ 

■ 

■ 

1 

1 

^ 0.9 | 

1 

g 0.8 ! 


II 

||:sj 

1 

:::::: ::: 

{{{{{:{{: 

m 

1 

■ 


§ 

tc 0.7 : 

bi 

H 

h- 

3 

jj:| 

SI 

i iHiiiiiiiiiii 

::::: 

11 

HI 

::::::: ; 

: 

IS!!! 1 

T 0.6 : 
g 

ill: 

Ulljj 

:!i: 


III 

:::::::::: 


i:T SSS-ssi 


bi 

2 o.5 ; 

1 

SS 

il 

liiiEiii 

111 \ 


:::::::: 

!i!!Eii! 

0.4 : 

K 

is 

il 

m 


\m 

■ 

III t'lK 

B+S 

1 

1 


Fig.5-V BE (n-p-n) as a function of collector 
current. 


Fig.6-V BE (n-p-n) as a function of tempera- 
ture. 



CA3096E, CA3096AE 


File No. 595 






File No. 595 


CA3096E, CA3096AE 



18 l | ^SOURCE’ 1 * 0 

AC, l 1 1 

■■iihiii 

■KflllMi 

Man^gS 

IMjllMH 


■■iiiniii 

■msgiM 

■■iiinm 




485 




CA3096E, CA3096AE 


File No. 595 



Fig. 19— Noise as a function of frequency for 
n-p-n transistors. 



Fig. 20— Noise figure as a function of frequen- 
cy for n-p-n transistors. 



Fig.22— Capacitance as a function of bias 
voltage (n-p-n). 



92CS- 20330 

Fig.21 -Gain-bandwidth product as a function 
of collector current (n-p-n). 




Fig.23— Input resistance as a function of 
collector current. 


Fig.24— Output resistance as a function of 
collector current. 
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Fig. 2 5— Forward transconductance as a 
function of frequency. 



Fig.26— Input admittance as a function of 
frequency. 



Fig.27— Output admittance as a function of 
frequency. 



Fig.28— Noise figure as a function of frequen- 
cy (p-n-p). 



92CS-20337 

Fig.29— Noise figure as a function of frequen- 
cy (p-n-p). 



Fig.30— Noise figure as a function of frequen- 
cy (p-n-p). 
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Fig.31 -Gain-bandwidth product as a function 
of collector current fp-n-p). 



Fig.32— Capacitance as a function of bias 
voltage (p-n-p). 



Fig.33— Line-operated level switch using CA3096AE or CA3096E. 



92CS-20342RI 


Fig.34a-Frequency comparator using 
CA3096E. 



Fig. 34 b— Frequency comparator charac- 
teristics. 
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Fig.35—CA3096AE small-signal zero-voltage detector having noise immunity. 




92CS- 20346 


Fig. 36b— Ten-second timer operated from 1.5-volt supply 
using CA3096E. 



9ZCS-20J47 


Features: 2. Wide-input common-mode 

1 . Can be operated with either range +5 V to -5 V 

dual supply or single supply. 3. Low bias current: <1 /IA. 

Fig. 37a — Cascade of differentia! amplifiers using CA3096AE. 



2 468 |o 2 468 ioo 2 46 8 I000 

FREQUENCY Cf ) — KHz 

92CS-20348 


Fig.37b— Gain-frequency characteristics. 
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OUOBZ/D 

Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3097E 



Thyristor/Transistor Array 

For Military, Commercial, and Industrial Applications 

Includes: 

■ Uncommitted n-p-n Transistor 

■ Sensitive-Gate Silicon Controlled Rectifier 

■ Programmable Unijunction Transistor (PUT) 

■ p-n-p/n-p-n Transistor Pair 

■ Zener Diode 

■ Separate Substrate Connection 


RCA-CA3097E* Thyristor/Transistor Array is a monolithic in- 
tegrated circuit that enables circuit designers to further inte- 
grate control systems. The CA3097E consists of five inde- 
pendent and completely isolated elements on one chip: an 
n-p-n transistor, a p-n-p/n-p-n transistor pair, a zener diode, 
a programmable unijunction transistor (PUT), and a sensitive- 
gate silicon controlled rectifier (SCR). 

The CA3097 is supplied in either the 16-lead dual-in-line 
plastic package ("E" suffix) or the chip version ("H" suffix), 
and operates over the full military-temperature range of 
-55 to +125°C. 


* Formerly Dev. No. TA6281 



Fig. 1 — Schematic diagram of CA3097E. 


Features: 

■ Complete isolation between elements 

■ n-p-n transistor - V CE q = 30 V (min.) 

I(j = 100 mA (max.) 

■ p-n-p/n-p-n transistor pair — beta 

^ 8000 (typ.) @ Iq = 10 mA, individual p-n-p, n-p-n, 
or transistor pair operation 

■ Programmable unijunction transistor 
(PUT) — peak-point current = 15 nA 
(typ.) at Rq = 1 Mft; Vak = ±3 ° V 

■ (PUT) Extremely long RC time constants 
with low value of external capacitor 

■ Sensitive-gate silicon controlled rectifier (SCR) — 
150 mA forward current (max.) 

■ Zener-diode impedance ( Z j) = 15£2 
(typ.) at 10 mA 

Applications: 

■ Timers 

■ Light dimmers/motor controls 

■ Oscillators 

■ "One-shot" multivibrators 

■ Voltage. regulators 

■ Comparators, Schmitt triggers 

■ Constant-current sources 

■ Amplifiers 

■ Logic circuits 

■ SCR triggering 

■ Pulse Circuits 
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MAXIMUM RATINGS, Absolute-Maximum Values at 7^ = 25° C 

Isolation Voltage, any terminal to substrate* +50 V 

Dissipation, Total Package: 

Up to T a = 55°C 750 mW 

Above T a = 55°C derate linearly at 6.67 mW/°C 

Ambient Temperature Range: 

Operating — 55to+125°C 

Storage —65 to +1 50°C 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds max +265 °C 

Each n-p-n Transistor (Q3,Q5) 

The following ratings apply with terminals 6 & 9 connected together. 

Collector-to-Emitter Voltage (Vqbq) 30 V 

Collector-to-Base Voltage (Vqbq) 50 V 

Emitter-to-Base Voltage (V^bo) 5 V 

Collector Current (I q) 100 mA 

Base Current (I b) 20mA 

Dissipation (Pq) 500 mW 

p-n-p Transistor (Q4) 

The following ratings apply with terminals 7 & 8 connected together. 

Collector-to-Emitter Voltage (Vq^q) “40 V 

Collector-to-Base Voltage (Vcbq) — ! 50 V 

Emitter-to-Base Voltage (V^bq) — ' 40 V 

Collector Current (I q) —10mA 

Base Current (13) —3 mA 

Dissipation (Pq) 200 mW 

p-n-p/n-p-n Transistor Pair (Q3,Q4) 

Dissipation (P D ) 500 mW 

Programmable Unijunction Transistor, PUT (Q1) 

Gate-to-Cathode Positive Voltage (V G |<) 30 V 

Gate-to-Cathode Negative Voltage (Vq X r) 5 V 

Gate-to-Anode Negative Voltage (V GA ) 30 V 

Anode-to-Cathode Voltage (V A «) ±30 V 

DC Anode Current 150mA 

Peak Anode Non-Recurrent Forward (On-State) Current (10 /is pulse) 2 A 

Total Average Dissipation 300 mW 

Silicon Controlled Rectifier, SCR (Q2) 

Repetitive Peak Reverse Voltage (Vrrxm^ r GK = 1 KS2 30 V 

Repetitive Peak Off-State Voltage (V DRXM ), R GK = 1 kfi 30 V 

DC On-State Current (l TDC ) 150 m A 

Peak Surge (Non-Repetitive) On-State Current (10 /is pulse) 2 A 

Forward Peak Gate Current OqfM^ 20 mA 

Peak Gate-to-Cathode Reverse Voltage (Vqr M ) 5 V 

Total Average Dissipation 300 mW 

Zener Diode, (Z1 ) 

DC Current (l z ) 25 m A 

Dissipation (P D ) . . 250 mW 

* One or more of the terminals of each element of the CA3097E is isolated from the substrate by a junction diode. In order to 
maintain electrical isolation between elements, the substrate terminal must be connected to a voltage which is no more posi- 
tive than that of any other terminal. To avoid undesirable coupling between elements, the substrate terminal (terminal 10) 
^should be maintained at either dc or signal (ac) ground. 
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ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

FIG. 



Ambient Temperature 

NO. 



(T A ) = 25°C 




Unless Otherwise Specified 



n-p-n TRANSISTORS Q3,Q5 (TERMINALS 6 and 9 CONNECTED) 


COLLECTOR CUTOFF CURRENT 

'CBO 

V CB = 10V,I E = 0 


COLLECTOR CUTOFF CURRENT 

>CEO 

V CE = 10 V, l B = 0 


COLLECTOR-TO-EMITTER 
BREAKDOWN VOLTAGE 

v (BR) CEO 

l c = 1 00/a A, l B = 0 


COLLECTOR-TO-BASE 
BREAKDOWN VOLTAGE 

V(BR)CBO 

l c = 1 00/i A, l E = 0 


COLLECTOR-TO-SUBSTRATE 
BREAKDOWN VOLTAGE 


1 c | = 1 00/i A, 1 B = 0, 1 E = 0 


EMITTER-TO-BASE 

BREAKDOWN VOLTAGE 

v (BR) EBO 

l E = 1 00/i A, l c = 0 


COLLECTOR-TO-EMITTER 




SATURATION VOLTAGE 

| ,l c = 10mA, l B = 1 mA | 


BASE-TO-EMITTER 

SATURATION VOLTAGE 

V be (SAT) 


2 

BASE-TO-EMITTER 

VOLTAGE 

< 

CO 

m 

Vq E = 3V, Iq = 10mA 

3 

DC FORWARD-CURRENT 

h FE 

V C e = 3V, l c = 10mA 

4 

TRANSFER RATIO 

V C e = 3V, l c = 50mA 



p-n-p TRANSISTOR Q4 (TERMINALS 7 and 8 CONNECTED) 


COLLECTOR CUTOFF CURRENT 

'CBO 

V CB =-10V, l E = 0 


COLLECTOR CUTOFF CURRENT 

'CEO 

v CE =-io V, l B = 0 


COLLECTOR-TO-EMITTER 
BREAKDOWN VOLTAGE 

V (B r)CEO 

l c =-100/iA, l B = 0 


COLLECTOR-TO-BASE 
BREAKDOWN VOLTAGE 

V ( BR)CBO 

l c =-10/iA, l E = 0 


EMI TTE R-TO-SU BSTR ATE 
BREAKDOWN VOLTAGE 

V(BR) e '0 

l E j = 10/iA, l B = 0, 1 E = 0 


EMITTER-TO-BASE 

BREAKDOWN VOLTAGE 

V( B R) e BO 

tsmsm 


COLLECTOR-TO-EMITTER 
SATURATION VOLTAGE 

V ce (SAT) 

Iq =-1mA, l B = -1 00/i A 

6 

BASE-TO-EMITTER 

SATURATION VOLTAGE 

V be (SAT) 


D 

BASE-TO-EMITTER 

VOLTAGE 


V CE =-3 V, l c = —1 00/i A 

D 

DC FORWARD-CURRENT 
TRANSFER RATIO 


V CE = -3 V, Iq = —1 00/i A 
Vqe = —3 V, Iq = — 1 mA 

9 


n-p-n/p-n-p TRANSISTOR PAIR Q3,Q4 



DC FORWARD-CURRENT 

h FE 

V CE (n-p-n) = 3V, l c = 10mA 

m 

- 

8000 

- 

TRANSFER RATIO 

V CE (n-p-n) = 3V, l c - 50mA 

■a 

- 

|gjg| 

- 
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CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

FIG. 

LIMITS 

UNITS 



Ambient Temperature 
(T a ) = 25°C 

Unless Otherwise Specified 

NO. 

Min. 





PROGRAMMABLE UNIJUNCTION TRANSISTOR (PUT), Q1 



OFFSET VOLTAGE 


ANODE-TO-CATHODE 
ON-STATE VOLTAGE 


PEAK OUTPUT VOLTAGE V 0M 


PEAK-POINT CURRENT 


VALLEY-POINT CURRENT 


GATE REVERSE CURRENT 


GATE REVERSE CURRENT 


OUTPUT PULSE RISETIME 


SILICON CONTROLLED RECTIFIER (SCR), 02 


PEAK OFF-STATE CURRENT: 
FORWARD 


REVERSE 


FORWARD DC VOLTAGE DROP 


GATE-TO-SOURCE 
TRIGGER CURRENT 


DC GATE-TRIGGER VOLTAGE 


HOLDING CURRENT 


CRITICAL RATE-OF-RISE 
OF OFF-STATE VOLTAGE 


GATE-CONTROLLED 
TURN-ON TIME 


CIRCUIT-COMMUTATED 
TURN-OFF TIME 


ZENER DIODE, Z1 


ZENER VOLTAGE 


ZENER IMPEDANCE 


ZENER VOLTAGE 
TEMPERATURE COEFFICIENT 


ZENER-TO-SUBSTRATE 
BREAKDOWN VOLTAGE 




V S = 10V, R g = 10kn 


V s = 10V, Rq= IMft 


Ip = 50mA 


Ip = 100mA 


C = 0.22/iF 

Anode Supply Voltage = 20V 


G ~ 
G = 


V s = 10V, R g = 10k£2 


V s = 10V, R g = 1MS2 




Anode-Supply Voltage = 20V 23 

C = 0.22 juF 


(i = 30V, R GK = Ikft 


V R RXM = 30V,R GK =1kn 24 



"GK = 


EXPONENTIAL RISE, 
R GK= 1kn « v DRXM = 30v 


See Fig. 33 



(AV Z /V Z )/AT 


AV Z /AT 


12 = 1 00/iA 

TERM. 5 TO SUBSTRATE 
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DC FORWARD-CURRENT TRANSFER RATIO (h EE ) ^ [VBE<*°f 
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I AMBIENT TEMPERATURE (Ta)=25°C 
FORCED-CURRENT TRANSFER RATIO (I C /IbHO 


-TO- EMITTER VOLTAGE (V CE ) - 3 




m 

H 



COLLECTOR CURRENT (I C )— mA 




-75 -50 -25 O 25 50 75 100 125 

AMBIENT TEMPERATURE (T A I — *C 


2 — Base-to-emitter saturation voltage vs. collector current for Fig.3 — Base-to-emitter voltage vs. ambient temperature for n-p 

n-p-n transistors Q3 & Q5. transistors Q3 & Q5. 

TYPICAL CHARACTERISTICS 


COLLECTOR -TO- EMITTER VOLTAGE (V CE )*3V 
TERMINALS 6 AND 9 CONNECTED TOGETHER 


[FORCED-CURRENT TRANSFER RATIO (I C /IbHO 
TERMINALS 6 AND 9 CONNECTED TOGETHER 




AMBIENT TEMPERATURE (T A =70°C 


COLLECTOR CURRENT tie)* mA 


COLLECTOR CURRENT (I c )— mA 


Fig.4 - DC forward-current transfer ratio vs. collector current 
for n-p-n transistors Q3 & Q5. 


Fig.5 — Collector-to-emitter saturation voltage vs. collector 
for n-pn - transistors Q3 & Q5. 



COLLECTOR CURRENT (I c ) — mA 


Fig. 6 — Collector-to-emitter saturation voltage vs. collector 
current for p-n-p transistor 04. 





RATIO (h FE ) 
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TYPICAL CHARACTERISTICS (CONT'D) 



92CS-2I907 

Fig. 7 — Base-to-emitter saturation voltage vs. collector 
current for p-n-p transistor Q4. 



Fig.9 - DC forward-current transfer ratio vs. collector current 
for p-n-p transistor 04. 



Fig.8 — Base-to-emitter voltage vs. ambient temperature for 
p-n-p transistor 04. 



92CS-2I9IO 


Fig. 10— DC forward-current transfer ratio vs. collector current 
for transistor pair 03, 04. 



AMBIENT TEMPERATURE (T* )— *C 

92CS- 2191 1 


Fig. 11 — Offset voltage vs. ambient temperature for Q1 (PUT). 
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TYPICAL CHARACTERISTICS (CONT'D) 



92CS-2I9I2 

Fig. 12 — Anode-to-cathode on-state voltage vs. anode-to-cathode 
on-state current for Q1 (PUT). 



92CS- 2 191 3 


Fig. 13 — Peak output voltage vs. anode supply voltage for 
Q1 (PUT). 



CURVE (A): AMBIENT TEMPERATURE (T A )=25°C 

EQUIVALENT GATE RESISTANCE ( R G )= 10 Kfl : 
CURVE (B): EQUIVALENT GATE VOLTAGE (V S ) = I0 V 

EQUIVALENT GATE RESISTANCE (R G ) = IOKfl : 
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Fig. 14 — Peak-point current vs. gate-source voltage and ambient 
temperature for Q1 (PUT). 



EQUIVALENT GATE-SOURCE VOLTAGE (V s )-V 

92CS-2I9I5 


Fig. 15 — Valley-point current vs. gate-source voltage for 
Q1 (PUT). 



92CS- 21916 


Fig. 16— Valley-point current vs. gate-source voltage 
for Q1 (PUT). 
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TYPICAL CHARACTERISTICS (CONT'D) 



Fig. 17 — Valley-point current vs. ambient temperature for 
Q1 (PUT). 
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AMBIENT TEMPERATURE (T A )—°C 

9ZCS- 21919 


Fig. 19 — Gate-trigger voltage vs. ambient temperature for 
Q2 (SCR). 
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FORWARD DC ON-STATE VOLTAGE (V T ) — V 

92CS-2I9I8 


Fig. 18 — Forward DC on-state current vs. on-state voltage for 
Q2 (SCR). 



IK 2K 3K 4K 5K 6K 7K 8 

GATE-TO-CATHODE RESISTANCE (R G(< )— ft 


92CS-2I920 

Fig.20 — Typical DC holding current vs. gate-to-cathode 
resistance for Q2 (SCR). 



Fig. 21 — Zener voltage vs. zener current for Z1. 
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OPERATING CONSIDERATIONS FOR CA3097E 


1. Composite p-n-p/n-p-n Transistors Q3, Q4 (See Fig. 3) 

To use Q3 as an individual n-p-n transistor, join terminals 
no. 6 and no. 9 to disable p-n-p transistor Q4. 

The appropriate terminal connections are then: 

Collector terminal 9 

Base terminal 7 

Emitter terminal 8 

To use Q4 as an individual p-n-p transistor, join terminals 
no. 7 and no. 8 to disable n-p-n transistor Q3. 

The appropriate terminal connections are then: 

Collector terminal 7 

Base . terminal 6 

Emitter terminal 9 

To use Q3 and Q4 as a composite use terminals 6, 7, 8, and 
9 as required. 

2. Programmable Unijunction Transistor Q1 (PUT) 

The programmable unijunction transistor is essentially an 
anode-gate SCR. The volt-ampere characteristic of the de- 
vice is shown in Fig. 22. When an equivalent Thevenin source 
(Vs, Rg)/ as shown in Fig. 22, is applied to the gate terminal 
the device will be "off" if the anode-voltage is negative with 
respect to the gate voltage. Under this condition, any current 
flow is exclusively leakage current. When the anode voltage be- 


comes more positive than the gate voltage by an increment 
equal to the threshold voltage (Vy = 0.4 V typ.), the device 
can turn "on" only if the current available at the anode termi- 
nal is greater than the specified peak-point current. The PUT 
will then switch through its negative-resistance region to the 
"on" state (low anode-to-gate voltage). It should be noted 
that Ip is not the maximum current allowed through the 
device, but is the current required at the peak of the V-I 
curve. Ip is typically a very low value of current. 

After the PUT has switched to its low-impedance state, the 
device will remain "on" if the anode-current Oa) exceeds 
the valley-point current (I v)- If lA<iV» the PUT will switch 
back to its high-impedance "off" state. Thus, the PUT can be 
made to "latch" or recover, depending on Iv- Since lv is a 
function of the "on"-state gate current (which depends on 
Rq and Vs) a choice of Rq and/or Vs will determine the 
operating mode, i.e., "off" state->-"on" state or "off" state 
"on" state -*• "off" state. The value of Iv increases di- 
rectly as a function of Vq and inversely with Rq. The PUT 

in the CA3097E has a low Ip Ip = 15 nA at V§ = 10 V, 

Rq = 1 M£2. This low value of Ip indicates that an extremely 
large value of anode-supply resistor, e.g. 60 MJ2 (typ.), can be 
used in timing circuits requiring long RC time constants. This 
becomes important when considering the size of the external 



Fig. 22 — Genera! anode characteristics for Q1 (PUT). 


92CM- 21922 
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OPERATING CONSIDERATIONS (CONT'D) 


timing capacitor to be used. Consequently, the use of the PUT 
in the CA3097E is advantageous since it has a lower Ip than 
most discrete PUT's. 

Temperature Compensation of Switching Point 

As described previously, the PUT will switch to its low- 
impedance state when its anode voltage is approximately a 
diode-drop above the gate voltage. Since the anode-to-gate 
threshold voltage vs. temperature characteristic is similar to 
that of a typical silicon-diode junction, a compensating series 
diode such as used in the circuit of Fig. 29 (Z1 connected as 
forward-biased diode) considerably reduces the effect of tem- 
perature on the switching point. 

Bypassing Anode Current 

If the PUT gate equivalent source is such that Ia>IV. the 
PUT will remain "on”. A method for turning the PUT off is 
by shunting current away from the anode until Ia^V- An 
example of this technique is the oscillator circuit of Fig. 29. 
Q3 transistor is turned "on" after the PUT fires and shunts cur- 
rent away from the anode, thereby forcing Ia< 1\/- The PUT 
then turns "off" allowing Cj to recharge through Rj, to re- 
peat the cycle. 


Protecting The PUT Against Discharge Current Of The Capacitor 

A current-limiting resistor in series with the PUT is normally 
required to dissipate capacitive discharge energy (see Figs. 23 
and 29). 

Silicon Controlled Rectifier, Q2 (SCR) 

The SCR should be used with a 1 k£2 (or less) resistor con- 
nected between the cathode and gate terminals if the SCR is 
to be subjected to its maximum forward and reverse voltage 
ratings (VdxM an d Vrxm)- Selecting a value for Rqk of 
1 k£2 (or lower) increases the capability of the device to with- 
stand greater dv/dt and increases the noise immunity of the 
SCR against false triggering at the gate. Practical considerations 
such as available current drive from the triggering devices 
(e.g., a PUT) will determine the lowest value of Rgk at 
which the SCR will fire with a Vgk^O- 55 V. With a value of 
500S2 for RqK* the trigger source must be capable of sup- 
plying 1.1 mA. Rqk should be non-inductive within the 
frequency band of the noise transients normally encountered 
in a particular application. 



Fig. 24 — Principle voltage-current characteristics 
for Q2 (SCR). 


V A K 



Fig. 25 — Definition of critical rate of rise of 
nff-state voltage for Q2 (SCR). 



WITH SWI CLOSED. INCREASE V S UNTIL SCR FIRES (VTVM DROPS 
FROM 10V TO APPROXIMATELY IV ). Tqs (TRIGGER) IS MEASURED 
JUST PRIOR TO THIS TRIGGERING POINT. NOTE THAT Igs MAY 
DECREASE AS V s IS INCREASED DUE TO CURRENT DRAWN OUT 
OF THE GATE TERMINAL OF THE SCR AS IT TURNS ON. TO UNLATCH 
THE SCR OPEN SWI. 

* 

V s SHOULD BE CAPABLE OF SUPPLYING MILLIVOLT INCREMENTS 
NEAR THE TRIGGER POINT 


92CS-2I926 


Fig. 26 — Test circuit for determining 
l GS in Q2 (SCR). 
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APPLICATIONS CIRCUITS 


IN5394 



SUBSTRATE 

TIMING PERIOD ~ 200 SEC. WITH | Mil POT CENTEREO 
TIMING CYCLE BEGINS WHEN AC IS APPLIED 
« SPRAGUE TYPE 4308, 5 pF AT 50 V 
SPRAGUE TYPE 6308. 5/xFAT 50 V 

OR EQUIVALENT 92CS-2I927 


Fig. 27 — AC line-operated one-shot timer. 



TYPICAL TEMPERATURE CHARACTERISTIC 

AVn/V rt 92CS- 21928 

(S> R l * 330 ft IOO = ±O.OI %/*C 

TYP- LOAD REGULATION @ I L *0 TO 40 n>A,(A V 0 /V 0 )x 100* 

-3 % ( NO LOAD TO FULL LOAD) 

TYP. LINE REGULATION @ R L «330flf ^~-^ x 100^0.55%/ V 

Av UNREG. 

Fig. 28 - Temperature-compensated shunt regulator. 
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APPLICATIONS CIRCUITS 



— x IOO*tO-4 % ( NO LOAD TO FULL LOAD) 

V ° ^ 

TYPICAL LINE REGULATION @ V 0 *I2V 

Av n /V n 

0 iLxl00=j;0 45 %/V 

A V UNREG. 92CS- 21 930 

Fig. 30 — Series voltage regulator. 


V UNREGULATED « 10- 13 V 



AVp 

— ^ * 10 85 % / VOLT 

AV UNREGULATED 

Fig. 31 — 5 to 7.5 V shunt regulator. 


92 CS- 21931 



TYPICAL OPERATING CONDITIONS'. 
FREQUENCY IN - 0-10 KHz 
SUPPLY VOLTAGE (V + )«I5V 
RI.R2 .Rh* 5 I Kft 
R3-6.2 Kft.R S OOOn 
C| * 820 pF 

V TH U* 7. 5 V, V TH L* 5 V 

HYSTERESIS VOLTAGE * 2-5 V 

UPPER THRESHOLD VOLTAGE (V TH U)w 


LOWER THRESHOLD VOLTAGE (V TH 


/_R2_Rh_\ 

L)«ivjj\R2 + RHj_ 


R2 Rh 
R2+RH 


+ Rl 


HYSTERESIS VOLTAGE* V TH U— V TH L 
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Fig. 32 — Schmitt trigger. 
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APPLICATIONS CIRCUITS (CONT'D) 


v + 




*MONOSTABLE DELAY TIME SET BY ADJUSTMENT OF I D ( VARY Rp) OR 
BY Cp.lp MUST BE GREATER THAN Iy OF Ql (PUT) FOR MONOSTABLE 
OPERATION. 

Q2 (SCR) SWITCHING TIMES '. 

GATE-CONTROLLED TURN-ON TIME (»gt )=50 ns(TYR) 
CIRCUIT-COMMUTATED TURN-OFF TIME ( t a )= 10 us( TYP) 

q 92CM-21 933 


Fig. 33 — Monostable multivibrator with variable delay. 



PUT FIRES WHEN V c «0 V 

V C = TC *C « It <Q 3 .05 MATCHED) 

, V+-0 7 

It SET BY ADJUSTING Rj.It*-* 

“T 

T 0N = CAPACITOR DISCHARGE TIME THROUGH LOAD. LOAD TURNS 
OFF WHEN SCR ANODE CURRENT FALLS BELOW HOLDING 
CURRENT (Iho)- TYPICAL lHO s, '2mA 
EXAMPLE : FOR TIMING PERIOD 0F8 3 MIN 
C T = 1000 /xF, I t = 16 A 
V + — 0-7 + 

Ry 1 ( FOR V’*I6V, R r « IMX1) 

92CS-2I934 



92CS-22I78 


Fig. 34 — Low-current-drain battery-operated 

long interval astable timer. Fig.35 — Phase control circuit. 
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TOQBZ/D 

Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3099E 


# 


14-Lead Dual-in-Line 

Plastic Package H-1 51 7 


Programmable 

Features: 

■ Programmable operating current 

■ Micro-power standby dissipation 

■ Directly controls current up to 150 mA 

■ Low input on/off current of less than 1 nA 

for programmable bias current of 1 pA 

■ Built-in hysteresis: 10 mV max. 

■ Programmable hysteresis: 10 mV to V + 

■ Dual reference input 

■ High sensor range: 100 12 to 100 M12 

■ Stable predictable switching levels 

■ Temperature-compensated reference 

voltage 


RCA-CA3099E* Programmable Comparator is a monolithic 
silicon integrated circuit designed to control high-operating- 
current loads such as thyristors, lamps, relays, etc. The 
CA3099E can be operated with either a single power supply 
with maximum operating voltage of 16 volts, or a dual 
power supply with a maximum operating voltage of ± 8 volts. 
It can directly control currents up to 1 50 mA. It operates with 
microwatt standby power dissipation when the current to be 
* Formerly Developmental No. TA6189. 


Comparator - - With Memory 

Applications: 

■ Control of relays, heaters, LED's, lamps, 
photo-sensitive devices, thyristors, 
solenoids, etc. 

■ Signal reconditioning 

■ Phase and frequency modulators 

■ On/off motor switching 

■ Schmitt triggers, level detectors 

■ Time delays 

■ Overvoltage, overcurrent, 
overtemperature protection 

■ Battery-operated equipment 

■ Square and triangular-wave generators 

controlled is less than 30 mA. The CA3099E contains the 
following six (6) major circuit-function features (Figure 1): 

1. Differential amplifiers and summer; the circuit uses two 
differential amplifiers, one to compare the input voltage 
with the "high” reference, and the other to compare the 
input with the "low" reference. The resultant output of 
the differential amplifiers actuates a summer circuit 
which delivers a trigger that initiates a change in state of 
a flip-flop. 



UNREGULATED REGULATED V~ 

INPUT OUTPUT 


92CM- 21059 


Fig. 1— Block diagram of CA3099E programmable comparator. 
(See page 3 for general description of circuit operation.) 
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CA3099E 

Major Circuit-Function Features (Cont'd) 

2. Flip-flop; the flip-flop functions as a bistable "memory" 
element that changes state in response to each trigger 
command. 

3. Driver and output stages; these stages permit the circuit to 
"sink" maximum peak load currents up to 150 mA at 
terminal 3. 

4. Programmable operating current; the circuit incorporates 
a separate terminal to permit programming the desired 
quiescent operating current and performance parameters. 

5. Internal sources of reference voltage and programmable 
bias current; an integral circuit supplies a temperature- 
compensated reference voltage (Vb/2) which is about 1/2 
of the externally applied bias voltage (Vb). Additionally, 
integral circuitry can optionally be used to supply an 
uncompensated constant-current source of bia$ ( I bias)- 

6. Voltage regulator; provides optional on-chip voltage regu- 
lation when power for the CA3099E is provided by an 
unregulated supply. 


File No. 620 

Maximum Ratings, Absolute-Maximum Values at T/\ - 25° C: 


Supply Voltage Between Terminals 10 and 4, 

9 and 4, 8 and 4 . 16 V 

Output Voltage Between Terminals 7 and 4, 

and 3 and 4 16 V 

Differential Input Voltage Between 
Terminals 14 and 1, and Terminals 13 and 14 . . 10 V 

Operating Voltage Range: 

Term. 14 0 V to V + 

Term. 13 2.0 V to V+ 

Term. 1 0 V to V + minus 2.0 V 

Load Current (Term. 3) 150 mA 

Input Current to Voltage Regulator (Term. 5) . 25 mA 

Programming Bias Current (Term. 2) 1 mA 

Output Current Control (Term. 7) 15 mA 

Power Dissipation: 

Up to T A = 55°C 750 mW 

Above T A = 55°C .... Derate Linearly at 6.67 mW/°C 

Ambient Temperature Range: 

Operating — 55 to +125 °C 

Storage — 65to+150°C 

Lead Termperature (During Soldering): 

At distance not less than 1/32 inch (0.79 mm) 

from seating plane for 10 s maximum .... +265 °C 


ELECTRICAL CHARACTERISTICS AT Ta = 25°C (Unless otherwise indicated) 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

T A = 25°C Unless Otherwise Indicated 

FIG. No. 

LIMITS 

UNIT 

wm 

ESQ 

MAX. 

Reference Voltage 

VrEF 

Term. 9 = 12 V, Term.4 = Grd, Term.1 1 = Test 

■ 

131 

6 


V 

Reference Voltage 
Temperature Coefficient 


1 


B 

- 


Regulated Supply Voltage 

V REG 

Term .5 1 K to 12V, Term.4 = Grd, Term.6 lOKtoGrd 

5 

6 

m 

8 


Regulated Supply Voltage 
Temperature Coefficient 



5 

- 

B 

- 


Input Offset Voltage: 

"Low" Reference 

V|0 (LR) 

V |_R = Grd, V H R = 3 V, l B |AS = 100/iA 

m 

■ 

H 

■ 

H 

"High" Reference 

v IO (HR) 

V H r = Grd, V LR = -3 V, l B | AS = 100 /iA 


31 

El 


"Low" Reference Temp. 
Coefficient 


— 55°C to +1 25°C 

20,8 

B 

B 

20 

Q 

"High" Reference Temp. 
Coefficient 


— 55°C to +1 25°C 


- 

B 


Min. Hysteresis Voltage 


V REG = 6 V, V + = 12 V, l B |AS = 100/iA 


_ 

B 

«9 

ppj 

Min. Hysteresis Voltage 
Temperature Coefficient 


— 55°C to +125°C 

11 

■ 

B 



Output Saturation Voltage 


V, - 4 v, V REG = 6 V, V + = 12 V, 1 BIAS = 100 /iA 


■ 

H 


V 

Total Supply Current: 
'TOTAL “ ON “ 


V|=4V, V REG = 6 V, V + = 12 V, 1 B I AS = 100 /iA 


B 

mi 

800 

/iA 

'TOTAL “OFF" 

V, « 8 V, V REG = 6 V. V+ = 12 V, 1 BIAS = 100 /iA 





Input Bias Current: 

'B(p-n-p) 

■ 

V| = 4 V, V REG = 6 V, V+ = 12 V, l B |AS = 1°° 

21,16,17 

■ 


200 

nA 

'B(n-p-n) 

Vj =8 V, V REG = 6 V, V+ = 12 V. I B ,AS= 100/iA 

BOSS 


20 

60 

Output Leakage Current 

'CE(OFF) 

Current from Term.3 when Q46 is "OFF" 


_ 

- 

mm 

/iA 

Internal Bias Current 

•iBC 



BJJ 



Switching Times: 

Delay 

td 

l C = 100/iA 
l B |AS = 100/iA 

V + = 5 V 

VREG = 2.5 V 

HI 

■ 


■ 

1 

Fall 

tf 


Hi 

hh 


Rise 

tr 

22 


sgi 

-BRjg 

' Storage 

ts 

22 

_ 

EH 

H 

H 
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CA3099E 



Fig. 2— Schematic diagram of CA3099E. 


General Description of Circuit Operation (Refer to Fig.1) 

When the signal-input voltage of the CA3099E is equal to or 
less than the “low" reference voltage (LR), current flows from 
an external power supply through a load connected to 
terminal 3 (“sink" output). This condition is maintained 
until the signal-input voltage rises to or exceeds the “high" 
reference voltage (HR), thereby effecting a change in the 
state of the flip-flop (memory) such that the output stage 
interrupts current flow in the external load. This condition, 
in turn, is maintained until such time as the signal again be- 
comes equal to or less than the "low" reference voltage (VR). 

The CA3099E comparator is unique in that it contains circuit 
provisions to permit programmability. This feature provides 
flexibility to the designer to optimize quiescent power con- 
sumption, input-circuit characteristics, hysteresis, and addi- 
tionally permits independent control of the comparator, 
namely, pulsing, strobing, keying, squelching, etc. Pro- 
grammability is accomplished by means of the bias current 
(•bias) supplied to terminal 2. As an alternative to externally 
supplied bias current, the CA3099E contains an internal 


source of regulated bias current accessible at terminal 12. 
This internal source of bias current is developed by two 
alternative methods; in the first method, bias voltage (Vb) 
applied at terminal 9 develops a source of temperature- 
compensated reference voltage (^ Vb/2) at terminal 1 1 and 
additionally supplies a source of bias current at terminal 12 
via line "A". Alternately, when a positive supply voltage is 
applied at terminal 8, a source of constant-current biasing is 
provided at terminal 12 via line "B". 

An auxiliary means of controlling the magnitude of load-cur- 
rent flow at terminal 3 is provided by "sinking" current into 
terminal 7. The CA3099E contains an on-chip voltage regu- 
lator which may optionally be used to regulate the voltages and 
bias currents (exclusive of the load current at terminal 3) 
needed for the operation of the 1C. 

Fig. 2 is the schematic diagram of the CA3099E. Figs. 3 
and 4 are, respectively, functional and logic diagrams of 
CA3099E operation. 
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92CS-2099I 


Fig. 4 — Logic. diagram. 


Fig. 3 — Functional diagram. 


TYPICAL CHARACTERISTIC CURVES 




921 S-20985 

Fig. 7 — Input-offset voltage ("high" reference) vs. programming 
bias current. 



PROGRAMMING BIAS CURRENT < I BIAS 1 — 


92CS- 20986 

Fig. 6 — Input-offset voltage ("low" reference) vs. programming 
bias current. 



Fig. 8 — Input-offset voltage ("low" reference) vs. ambient 
temperature. 


506 



File No. 620 


CA3099E 
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AMBIENT TEMPERATURE (Ta) »C 
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Fig. 9 — Input-offset voltage ("high" reference ) vs. ambient 
temperature. 



92CS-20984 

Fig. 10 — Min. hysteresis voltage vs. programming bias current. 



AMBIENT TEMPERATURE (T A ) — *C 

92CS- 20975 

Fig. 11 — Min. hysteresis voltage vs. ambient temperature. 



Fig. 13 — Output saturation voltage vs. ambient temperature. 



92CS- 20907 

Fig. 12 — Output saturation voltage vs. output sink current. 



PROGRAMMING BIAS CURRENT ( I bias )—/xA 

92CS- 20903 


Fig. 14— Total supply current vs. programming bias current. 
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File No. 625 



Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3100S CA3100T 



Wideband Operational Amplifier 

Features: 

■ High open-loop gain at video frequencies - 42 dB typ. at 1 MHz 

■ High unity-gain crossover frequency (fj) — 38 MHz typ. 

■ Wide power bandwidth - Vq = 18 V p-p typ. at 1.2 MHz 

■ High slew rate - 70 V//is (typ.) in 20 dB amplifier 

25 V/j;s (typ.) in unity-gain amplifier 

■ Fast settling time - 0.6 /is typ. 

■ High output current — ± 15 mA min. 

■ LM118, 748/LM101 pin compatibility 

■ Single capacitor compensation 

■ Offset null terminals 

Functional Diagram 



RCA-CA3100S, CA3100T*is a large-signal wideband, high- 
speed operational amplifier which has a unity gain crossover 
frequency (fj) of approximately 38 MHz and an open-loop, 
3 dB corner frequency of approximately 110 kHz. It can 
operate at a total supply voltage of from 14 to 36 volts (±7 to 
±18 volts when using split supplies) and can provide at least 
18 V p-p and 30 mA p-p at the output when operating from 
±15 volt supplies. The CA3100 can be compensated with a 
single external capacitor and has dc offset adjust terminals 
f or those applications requiring offset null, (see Fig. 19). 

* Formerly developmental number TA6122C. 


Applications: 

■ Video amplifiers 

■ Fast peak detectors 

■ Meter-driver amplifiers 

■ High-frequency feedback amplifiers 


Video pre-drivers 
Oscillators 
Multivibrators 
Voltage-controlled osc. 
Fast comparators 


The CA3100 circuit contains both bipolar and P-MOS tran- 
sistors on a single monolithic chip. 


The CA3100 is supplied in either the standard 8-lead TO-5 
package ("T" suffix), or in the 8-lead TO-5 dual-in-line 
formed-lead "DIL-CAN" package ("S" suffix). 
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CA3100S, CA3100T 


File No. 625 


MAXIMUM RATINGS, Absolute-Maximum Values at =2S°C: 


SUPPLY VOLTAGE (Between V + and V — terminals) . 36 V 

DIFFERENTIAL INPUT VOLTAGE ±12 V 

INPUT VOLTAGE TO GROUND* ...... ±15 V 

OFFSET TERMINAL TO V- TERMINAL VOLTAGE ±0.5 V 

OUTPUT CURRENT 50 mA* 

DEVICE DISSIPATION: 

Up to T a = 55°C 630 mW 

Above T a = 55°C Derate Linearly at ... 6.67 mW/°C 


AMBIENT TEMPERATURE RANGE: 

Operating -55to+125°C 

Storage -65to+150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) 

from case for 10 s max 300 °C 

* If supply voltage is less than ± 15 volts, the maximum input voltage 
to ground is equal to the supply voltage. 

* CA3100S, CA3100T does not contain circuitry to protect against 
short circuits in the output. 


TYPICAL CHARACTERISTIC CURVES 



Fig. 2 — Open-loop gain, open-loop phase shift vs. frequency. 





NONINVERTING GAIN — dB 
0 6 19.1 

INVERTING GAIN — dB 


CLOSED -LOOP GAIN (A CL )— dB 92CS- 21573 

Fig. 5 — Required compensation capacitance vs. closed-loop gain. 
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CA3100S, CA3100T 


ELECTRICAL CHARACTERISTICS, At T A =25°C: 




TFST CONDITIONS 

LIMITS | 


CHARACTERISTICS 

SYMBOL 

SUPPLY VOLTAGE <V + ,V-)=15 V 
UNLESS OTHERWISE SPECIFIED 


D 


UNITS 

STATIC | 

Input Offset Voltage 

v IO 

Vq - 0 ±0.1 V 

_ 

± i 

±5 

mV 

Input Bias Current 

>IB 


- 

0.7 

2 

jUA 

Input Offset Current 

•lO 

Vq - 0 ± 1 V 

- 

±0.05 

±0.4 

M A 

Low-Frequency 

Open-Loop Voltage Gain 

A OL 

V 0 = + 1V Peak, F = 1 kHz 

56 

61 

- 

dB 

Common-Mode Input 

Voltage Range 

V ICR 

CMRR >76 dB 

±12 

+ 14 
-13 

- 

V 

Common-Mode 

Rejection Ratio 

CMRR 

V| Common Mode = ± 12 V 

76 

90 

_ 

dB 

Maximum Output Voltage 
Positive 

v OM + 

Differential Input Voltage - 0 ± 0.1 V 

+9 

+ 11 

_ 


Negative 

v OM“ 

R L = 2 Kil 

-9 

-11 

- 


Maximum Output Current 
Positive 

•OM + 

Differential Input Voltage = 0 ±0.1 V 

+ 15 

+30 

_ 

mA 

Negative 

>OM~ 

R L = 250 il 

-15 

-30 

— 

Supply Current 

1 + 

Vq = 0 ±0.1 V, R L > 10 Kil 

- 

8.5 

10.5 

mA 

Power-Supply 

Rejection Ratio 

PSRR 

Av+ = ± 1 v. Av- = ± 1 V 

60 

70 

- 

dB 

DYNAMIC 

Unity-Gain 

Crossover Frequency 


C C =0, Vq =■ 0.3 V (P-P) 

- 

38 


— 

1-MHz Open-Loop 

Voltage Gain 

a OL 

f = 1 MHz, C C = 0, Vq = 1 0 V (P-P) 


KS 

- 

D 

Slew Rate: 

20-dB Amplifier 

SR 

A V = 10, C C = 0. V| = 1 V (Pulse) 

B 

B 

■ 

■ 

Follower Mode 

A V = 1 , Cq -10 pF, V| = 10 V (Pulse) 

— 



mm 

Power Bandwidth A ; 

20-dB Amplifier 

PBW 

A V - 10, C C = 0. Vq -18 V (P-P) 


m 

■ 

i 

Follower Mode 

A V = 1. C C = 10 pF, V 0 *18 V (P-P) 


0.4 

- 

bib 

Open-Loop Differential 

Input Impedance 

z ' 

F = 1 MHz 

- 

El 

1 

mm 

Open-Loop 

Output Impedance 

20 

F =1 MHz 

- 


IB 

B 

Wideband Noise Voltage 
Referred to Input 

efsj(Total) 

BW = 1 MHz, R S = 1 Kl2 

_ 

B 

B 

MVrMS 

Settling Time 

[To Within ±50 mV of 9 V] 
[Output Swing J 


R L = 2 Kil, C L - 20 pF 

B 


■ 

Ms 


a Slew Rate 

m Power Bandwidth = Low-frequency dynamic characteristic 

7TV 0 (P-P) 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 



COMPENSATION CAPACITANCE (C c l PINS I TO 8 — pF 92CS-2I574 



Fig. 6 — Slew rate vs. compensation capacitance. 


Fig. 7 — Typical open-loop output impedance vs. frequency. 
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SOURCE RESISTANCE (R s ) — 12 92CS-2I57 

Fig. 8 — Wideband input noise voltage vs. source resistance. 




Fig. 10 — Maximum output voltage swing vs. frequency. 
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CA3100S, CA3100T 


TYPICAL CHARACTERISTIC CURVES (Cont'd) 



Fig. 12 — Maximum output voltage vs. supply voltage. 


Fig. 13 — Supply current vs. supply voltage. 



92CS-2I578 

Fig. 14 — Input bias current vs. supply voltage. 


TYPICAL APPLICATIONS 



Fig. 15 — 20 dB video amplifier. 
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ADJUST 92CS-2I586 

Fig. 17 - 1 MHz meter-driver amplifier. 



Fig. 18 - Fast positive peak detector. 



SET Vj TO GIVE 
DESIRED Vo LEVEL 
AT TEST FREQUENCY 


JRX 
lOKfl “ 
NULL ADJUST 
POTENTIOMETER 


;2«n“ 

WITH Vi =0 ADJUST 
POTENTIOMETER (Rx) 

TO GIVE Vo '0+ 01 V dc 


AT FREQUENCY>I MHz V r 8 V 0 
MEASURED WITH HP8405A 
VECTOR VOLTMETER 

92CS- 21587 


Fig. 19 — Open-loop voltage gain test circuit. 


v* 





Fig.21 — Follower slew rate test circuit. Fig. 22 — Wideband input noise voltage test circuit. 



Fig.23 - Output voltage swing (Vqm^ output current swing Uqm) 
test circuit. 
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Fig.24 — Settling time test circuit. 



File No. 532 


Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3118AT CA3146AE CA3183AE 
CA3118T CA3146E CA3183E 



High-Voltage Transistor Arrays 

Applications 

■ General use in signal processing systems in DC through VHF range 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 

■ Lamp and relay drivers (CA3183AE, E) 

■ Thyristor firing (CA3183AE, E) 

Features 

■ Matched general-purpose transistors 

■ VgE matched + 5m V max. 

■ Operation from DC to 120 MHz (CA3118AT, T; CA3146AE, E) 

■ Low-noise figure: 3.2dB typ. at 1kHz (CA3118AT, T; CA3146AE, E) 

■ High l c : 75mA max. (CA3183AE, E) 


RCA-CA31 18AT, CA3118T, CA3146AE, CA3146E, CA- 
3183AE, and CA3183E* are general-purpose high-voltage 
silicon n-p-n transistor arrays on a common monolithic 
substrate. 

Types CA3118ATand CA3118T consist of four transistors 
with two of the transistors connected in a Darlington con- 
figuration. These types are well suited for a wide variety of 
applications in low-power systems in the DC through VHF 
range. Both types are supplied in a hermetically sealed 12- 
lead TO-5 type package and operate over the full military 
temperature range. (CA3118AT and CA3118T are high- 
voltage versions of the popular predecessor type CA3018. 

Types CA3146AE and CA3146E consist of five transistors 
with two of the transistors connected to form a dr ferentially- 
connected pair. These types are recommended for low-power 
applications in the DC through VHF range. 


Types CA3183AE and CA3183E consist of five high-current 
transistors with independent connections for each transistor. 
In addition two of these transistors (Q1 and Q2) are matched 
at low-current (i.e. 1mA) for applications where offset para- 
meters are of special importance. A special substrate terminal 
is also included for greater flexibility in circuit design. 

The types with an "A" suffix are premium versions of their 
non -"A" counterparts and feature tighter control of break- 
down voltages making them more suitable for higher voltage 

applications. 

For detailed application information, see companion Appli- 
cation Note, ICAN-5296 "Application of the RCA CA3018 
Integrated Circuit Transistor Array." 


“Formerly Developmental Types Nos. 

CA3118AT - TA6091 CA3146E - TA6181 

CA3118T - TA6182 CA3183AE - TA6094 

CA3146AE - TA6084 CA3183E - TA6183 



P-T* 

•c 

v CEO 

v CBO 

V CE sat. 

h FE 

v IO 

1 io 

Ta Range 

TYPE 





at 1 0 mA 

at 1 mA, 

Diff . Pair at 1 mA 

(Operating) 


max. 

max. 

max. 

max. 

typ. 

&V CE =5V 

max. 

max. 



mW 

mA 

V 

V 

V 

typ- 

mV 

PA 

°C 

VALUES APPLY FOR EACH TRANSISTOR J 

CA3118AT 

300 

50 

40 

50 

0.33 

95 

±5 

2 


CA3118T 

300 

50 

30 

40 

0.33 

95 

±5 

2 


CA3146AE 

300 

50 

40 

50 

0.33 

95 

±5 

2 

-55- +125 

CA3146E 

300 

50 

30 

40 

0.33 

95 

±5 

2 


CA3183AE 

500 

75 

40 

50 

0.16 

75 

±5 

2.5 


CA3183E 

500 

75 

30 

40 

0.16 

75 

+ 5 

2.5 



Caution on Total Package Power Dissipation: The maximum total package dissipation rating for the CA31 18 Series circuits is 450 mW at 
temperatures up to +85°C, then derate linearly at 5 mW°C. The maximum total package dissipation rating for the CA3146 and CA3183 
Series circuits is 750 mW at temperatures up to +55°C, then derate linearly at 6.67 mW°C. 
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CA3118AT, CA3118T, CA3146AE, CA3146E, CA3183AE, CA3183E 


Pile No. 532 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25<>C 


Power Dissipation: 

Any one transistor — 

CA3118AT, CA3118T, CA3146AE, CA3146E 300 mW 

CA3183AE, CA3183E 500 mW 

Total package — 

Up to 85° C (CA31 18 AT, CA31 18T) 450 mW 

Up to 55°C (CA3146AE, CA3146E, CA3183AE, CA3183E) 750 mW 

Above 85°C (CA31 18AT, CA31 18T) derate linearly 5 mW/°C 

Above 55°C (CA3146AE, CA3146E,CA3183AE, CA3183E) . ..... derate linearly 6.67 mW/°C 

Ambient Temperature Range: 

Operating- -55 to +125 °C 


Storage (all types) 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max . . 

The following ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage (Vqbq): 

CA3118AT, CA3146AE, CA3183AE 

CA3118T, CA3146E, CA3183E 

Collector-to-Base Voltage (Vcbo) ; 

CA3118AT. CA3146AE, CA3183AE 

CA3118T, CA3146E, CA3183E 

Collector-to-Substrate Voltage (Vciq): ■ 

CA31 18 AT, CA3146AE, CA3183AE 

CA31 18T, CA3146E, CA3183E 

Emitter-to-Base Voltage (Vj=bo) a,J types 

Collector Current — 

CA3118AT, CA3118T, CA3146AE, CA3146E 

CA3183AE, CA3183E 

Base Current (l B ) - CA3183AE, CA3183E 


-65 to +150 °C 

+265 °C 

40 V 

30 V 

50 V 

40 V 

50 V 

40 V 

5 V 

50 mA 

75 mA 

20 mA 


■ The collector of each transistor 
is isolated from the substrate by 
an integral diode. The substrate 
must be connected to a voltage 
which is more negative than any 
collector voltage in order to 
maintain isolation between tran- 
sistors and provide normal tran- 
sistor action. To avoid undesired 
coupling between transistors, the 
substrate terminal should be 
maintained at either DC or sig- 
nal (AC) ground. A suitable by- 
pass capacitor can be used to 
establish a signal ground. 
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CA3118AT, CA3118T, CA31 46AE, CA3146E, CA3183AE, CA3183E 




CA3118AT, CA3118T, 


CA3146AE, CA314E 



6 6 


16 15 



SUBSTRATE O 


92CS-I9638 


CA3183AE, CA3183E 


Fig. 1 - Schematic diagrams of high-voltage arrays. 


COMPARISON OF RELATED PREDECESSOR TYPE WITH TYPES IN THIS DATA BULLETIN 



DATA 

FILE 

NO. 

v CEO 

min. 

VCBO 

min. 

V CE sat. 
typ. V 

Pc£ 

<m 

•c 

C CB 
typ. pF 

C CI 

typ. pF 

C EB 
typ. pF 

Iq= 1 0 m A 

Iq= 1 mA 

max. mA 

CA3018 

338 

15 

20 

0.23 

0.715 

50 

0.58 

2.8 

0.6 

CA3018A 

338 

15 

20 

0.23 

0.715 

50 

0.58 

2.8 

0.6 

CA3118AT 


40 

50 

0.33 

0.730 

50 

0.37 

2.2 

0.7 

CA3118T 


30 

40 

0.33 

0.730 

50 

0.37 

2.2 

0.7 





!C=10mA 

IC=1 mA 





C A 3046 

341 

15 

20 

0.23 

0.715 

50 

0.58 

2.8 

0.6 

CA3146AE 


40 

50 

0.33 

0.730 

50 

0.37 

2.2 

0.7 

CA3146E 


30 

40 

0.33 

0.730 

50 

0.37 

2.2 

0.7 





IC = 50m A 

IC=10mA 





C A 3083 

481 

15 

20 

0.4 

0.74 

100 

- 

- 

- 

CA3183AE 


40 

50 

1.7 

0.75 

75 

- 

- 

- 

CA3183E 


30 

40 

1.7 

0.75 

75 

- 

- 

- 


NOTE: Related predecessor types are shown in shaded areas. 
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CA3118AT, CA3118T, CA31 46AE, CA3146E, CA3183AE, CA3183E 


File No. 532 


STATIC ELECTRICAL CHARACTERISTICS - CA31 18 and CA3146 Series 




TEST CONDITIONS 1 

LIMITS 


CHARACTERISTICS 

SYMBOL. 


CA3118AT, CA3146AE 

CA3118T, CA3146E 

UNITS 




Max. 








Collector-to-Base 

Breakdown Voltage V (BRICBO l C ' 1°M. I E - 0 


Collector-to-Emitter ■ 

Breakdown Voltage 

v (BR)CEO 

1C = 1mA, l B = 0 


Collector-to-Substrate 

Breakdown Voltage 

v (BR)CIO 

•ci a ioma, l B = 0 
l£ « 0 

50 

Emitter-to-Base 

Breakdown Voltage 

V(BR)EBO 

lg = 10/iA, l C = 0 

m 

Collector-Cutoff Current 

•CEO 

V C E = iov, l B = 0 

Of 

Collector-Cutoff Current 

*CBO 

Vqb = 10V, lg = 0 

5 

DC Forward-Current 

Transfer Ratio 

h FE 

V C g=5V 

l C =10mA 

1 C = 1 mA 
l C =10/iA 

mm 

Base-to-Emitter Voltage 

v be 





56 


V 




Collector-Cutoff 

Current 

CA3118AT 

and 

CA3118T 

only 

'CEO 

V C E = 10 V, l B = 0 

- 

- 

5 

- 

- 

- 

HA 

DC Forward-Current 

Transfer Ratio 

h FE 

Vqe = 5V, 1 q = 1 mA 

1500 

9000 

- 

1500 

9000 

- 


Base-to-Emitter 

(Q3 to Q4) 

V BE 

V CE =5V 

lg = 10mA 

- 


- 

- 


- 


lg =1mA 



- 

- 


- 

Magnitude of Base-to- 
Emitter Temperature 

Coefficient 


av be 

AT 


VcE = 5V, lg = 1mA 

■ 

■ 

■ 

■ 

■ 

■ 



For transistors Q1 and Q2 (AS a Differential Amplifier): 


Magnitude of Input 

Offset Voltage 

|v B E 1 = V BE2 | 

h°l 

Vce = 5 V, lg = 1 mA 



n 



5 


Magnitude of 
hpg Ratio 

CA31 18AT and 

CA31 18T only 

V CE =5V, 

'Cl = *C2 = 1mA 






1.1 

- 

Magnitude of Base-to- 
Emitter Temperature 

Coefficient 


av be 

AT 


Vce = 5v, 

lg = 1 mA 

- 

1.9 

- 

_ 

,. 9 

- 

mV/°C 

Magnitude of V|Q 

(V B E1-V B E2) Temp- 
erature Coefficient 


AV|o 

AT 


v CE = 5v, 

'ci = 'C2 = 1 rnA 

- 

1.1 

- 

- 

1.1 

- 

MV/oc 

Magnitude of 
Input Offset 

Current 

| *ior»io 2 | 

CA3146AE 

and 

CA3146E 

only 

'10 

Vce = 5V, 

'C, = *C2 = 1 mA 


0.3 

2 

- 

0.3 

2 

HA 
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CA3118AT, CA3118T, CA31 46AE, CA3146E, CA3183AE, CA3183E 


DYNAMIC ELECTRICAL CHARACTERISTICS - CA31 18 and CA3146 Series 


CHARACTERISTICS 

SYM- 

BOL 

TEST CONDITIONS 

CA3118AT 

CA3146AE 

CA3118T 

CA3146E 

UNITS 

T A = 250 C 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Low Frequency Noise Figure 

NF 

f = 1kHz, V C E = 5V, 

1C = 100 HA, Source 
resistance = 1 kfl 

- 

3.25 


- 

3.25 

- 

dB 

Low-Frequency, Small-Signal 
Equivalent-Circuit 

Characteristics: 

Foward-Current Transfer 

Ratio 

h fe 

f = 1kHz, V CE = 5V, 

1C = 1mA 


100 



100 


_ 

Short-Circuit Input 

Impedance 

hj e 

- 

2.7 

- 

- 

3.5 

- 

kft 

Open-Circuit Output 
Impedance 

h 0 e 

- 

15.6 

- 

- 

15.6 


pmho 

Open-Circuit Reverse - 
Voltage Transfer Ratio 

h re 

- 

1.8x1 O' 4 

- 


1.8x1 O' 4 



Admittance Characteristics: 

Foward Transfer Admittance 

Vfe 

f = 1MHz, Vp.E = 5V. 

I C = 1mA 


31 -j 1.5 

- 

_ 

31-11.5 

_ 

mmho 

Input Admittance 

Y ie 

_ 

0.35+j0.04 

- 



0.3+j0.04 1 

- 

mmho 

Output Admittance 

Y oe 

- 

0.001+j0.03 

- 

- 

0.001+i0.03 

- 

mmho 

Reverse Transfer Admittance 

Yre 


See curve 



See curve 


mmho 

Gain-Bandwidth Product 

*T 

VcE = 5V, lc = 3mA 

300 

500 

- 

300 

500 

- 

MHz 

Emitter-to-Base Capacitance 

CEB 

V EB = 5V, l E = 0 


0.70 



0.70 

- 

PF 

Collector-to-Base Capacitance 

C CB 

Vcb = 5V, I C = 0 


0.37 


- 

0.37 

- 

PF 

Collector-to-Substrate 

Capacitance 

C CI 

V C | = 5V, I C = 0 


2.2 

- 


2.2 

- 

PF 


STATIC ELECTRICAL CHARACTERISTICS - CA3183 Series 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

T a = 25° C 

CA3183AE 

CA3183E 

Min. 

Typ. | Max. 

Min. 

Typ. | Max. 

For Each Transistor: ] 

Collector-to-Base 

Breakdown Voltage 

v (BR)CBO 

I C =100AIA, l E =0 

50 


- 

40 

- 

- 

V 

Collector-to-Emitter 

Breakdown Voltage 

v (BR)CEO 

lQ=1mA, l B =0 

40 



30 

- 

- 

V 

Co 1 lector-to-Substrate 

Breakdown Voltage 

v (BR)CIO 

i c1 =iooma, I b =0, 

l E = 0 

50 

- 

- 

40 

- 

- 

V 

Emitter-to-Base 

Breakdown Voltage 

v (BR)EBO 

l E = 500/iA, l C = 0 

5 

- 

- 

5 

- 

- 

V 

Collector-Cutoff Current 

<CEO 

V C E = 10V, l B =0 

- 

- 

10 

- 

- 

10 

JLtA 

Collector-Cutoff Current. 

‘CBO 

Vcb = 10V, l E = 0 

- 

- 

1 

- 

- 

1 

jUA 

DC Forward-Current 

Transfer Ratio 

h F £ 

VcE“ 3 V, lc = 10mA 

40 

- 

- 

40 

- 

- 

- 

VcE = 5V, lc = 50mA 

40 

- 

- 

40 

- 

- 

Base-to-Emitter Voltage 

v be 

VcE 25 3V, l C = 10mA 

0.65 

0.75 

0.85 

0.65 

0.75 

0.85 

V 

Collector-to-Emitter 

Saturation Voltage 

* v CEsat 

|q = 50mA, l B = 5mA 

- 

1.7 

3.0 

- 

1.7 

3.0 

V 

For Transistors Q1 and Q2 (As a Differential Amplifier): | 

Absolute Input Offset 
Voltage 

|V| 0 | 

Vce =3V, l c = 1mA 

- 

0.47 

5 

- 

0.47 

5 

mV 

Absolute Input Offset 

Current 

M 


0.78 

2.5 

- 

0.78 

2.5 

HA 


• A maximum dissipation of 5 transistors x 150mW = 750mW is possible for a particular application. 





VOLTAGE (V CEsat ) 






File No. 532 CA3118AT, CA3118T, CA31 46AE, CA3146E, CA3183AE, CA3183E 

TYPICAL STATIC CHARACTERISTICS CURVES - CA3118 and CA3146 SERIES 
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Fig. 8- V be vs. Ip for Darlington 
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Fig. 9 - V be vs - T A f° r Darlington 
pair (Q3 and Q4). 
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Fig. 10 - V iQ vs. T /\ for 0.1 and 02. 



Fig. 11 - VBE an d V/q vs. I e for 01 and Q2. 
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Fig. 12 — I to vs. Iq (Q1 and Q2 ) for types CA3146AE 
and CA3146E. 
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CA3118AT, CA3118T, CA3146AE, CA3146E, CA3183AE, CA3183E Fne No 532 

TYPICAL DYNAMIC CHARACTERISTICS CURVES (FOR ANY TRANSISTOR) - CA3118, CA3146 SERIES 




Fig. 13 - NF vs. lc@Rs = 500 n - F 'S- « - NF vs. Ic@f>s = ,kn - 




92CS-I5I90R3 


Fig. 15 - NF vs. I c @ R s = 10k a 


Fig. 16 — hf e , h/ e , h oe , h re vs. Iq. 
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Fig. 17 -yf e vs. f. 


Fig. 18 - yj e vs. f. 
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CA3118AT, CA3118T, CA31 46AE, CA3146E, CA3183AE, CA3183E 

TYPICAL DYNAMIC CHARACTERISTICS CURVES ( FOR ANY TRANSISTOR) - CA3118, CA3146 SERIES 



92CS— 14260RI 


COMMON- EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (T a )- 25°C 
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Fig. 19 - y oe vs. f. 


Fig. 20 - y re vs. f. 




Fig. 21 - ff vs. Iq Fig. 22 - C^B, c CB> c d ^ bias voltage 

TYPICAL STATIC CHARACTERISTICS CURVES - CA3183 SERIES 



92CS-I9640 

Fig. 23 - I CEO vs - F A for any transistor. 



92CS-I9643 


Fig. 24 - Iqso vs - F a for any transistor. 
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ABSOLUTE INPUT-OFFSET VOLTAGE 
(Ql AND 02) [|V I0 Q — mV 


CA3118AT, CA3118T, CA3146AE, CA3146E, CA3183AE, CA3183E. 
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TYPICAL STATIC CHARACTERISTICS CURVES - CA3183 SERIES 




-50 -25 0 25 50 75 100 

AMBIENT TEMPERATURE ( T A ) — # C 


4 6 8 2 4 6 8 

1.0 I' 

COLLECTOR CURRENT (Ic> — mA 


Fig. 25- h pe vs. T/\ for any transistor. 


Fig. 26- hfE vs. !r for any transistor. 



DC FORWARD -CURRENT ' 

TRANSFER RATIO ( h F E )■ 10 
’ AMBIENT TEMPERATURE (T A ) * 25° C “ 


COLLECTOR CURRENT He) — mA 


Fig. 27 - vs. !q for any transistor. 


COLLECTOR CURRENT (I c ) — mA 


Fig. 28- l /qE sat vs - / c f° r any transistor. 


COLLECTOR-TO-EMITTER VOLTAGE (V CE )=3 V 

II II 


6 [-AMBIENT TEMPERATURE (T A )=02C 


4 I COLLECTOR-TO-EMITTER VOLTAGE (V CE ) =3 V 
AMBIENT TEMPERATURE! T a ) = 25°C 



COLLECTOR CURRENT (I c ) — mA 


COLLECTOR CURRENT (I C )— m A 


Fig. 29 - 1 V/o\ vs. I c for differential amplifier (Q 1 and Q2 }. Fig. 30 - \ //o\ vs. I c for differential amplifier ( Q 1 and Q2) 









File No. 691 



Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3120E 



TV Signal Processor ("Jungle” Circuit) 

For Color and Monochrome Receivers 

■ High-impedance video input 

■ Low-impedance video output 

■ Choice of external time constants 
for sync separator 

■ Negative power supply not required 

■ RF AGC delay externally controlled 

■ Application Note ICAN-6302, 
"Description and Application 
of the RCA-CA3120E Integrated- 
Circuit TV-Signal Processor" 


Features 

■ Internal impulse noise processing 

■ Sync separator - low impedance, 
dual polarity 

■ Strobed AGC system 

■ IF AGC output 

■ Delayed outputs for forward or 
reverse AGC tuners 

» Automatic noise threshold and 
AGC detector level control 


RCA-CA3120E is a monolithic silicon integrated circuit TV 
signal processor for use in color or monochrome receivers. 
The circuit provides low-impedance video output signals, 
stripped synchronization signals in both polarities, and AGC 
output signals for IF (reverse) and tuner (forward and/or 
reverse). 


The circuit design of the CA3120E features impulse noise 
inversion, delay techniques to reduce the deleterious effects of 
impulse noise in the receiver AGC and sync circuits. In 
addition, the CA3120E incorporates standard AGC strobing 
techniques. 



Fig. 1 — Simplified block diagram of the CA3120E. 


11-73 
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CA3120E File No. 691 


ELECTRICAL CHARACTERISTICS at T A » 25°C, Supply Voltage (V + ) = 24 V and 

Referenced to Test Circuits and Test Conditions (Figs. 6, 7, and 8). 


CHARACTERISTICS 

TERMINAL 

MEASURED 

AND 

SYMBOL 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Supply Current (Pulse Test) 

*T24 

20 

- 

40 

mA 

AGC Threshold (Sync Tip Level at Video Input) 

Vth 

4.5 

- 

5.5 

V 

Video Input Amplitude (White Positive) 

V 8 

- 

3 

- 

Vp-p 

Video Output Amplitude (Low Impedance) 

V 9 

- 

3 

- 


Noise Cancelled Video Output at Vj^ (Black Positive, Gain = 2) 

v 5 


- 

E3 

V 

AGC to Noise Separation 

V TH (SEP) 


- 


V 

Sync Input Current for Full Amplitude Outputs 

U (ON) 


- 

EZB 


Maximum Leakage Current at Terminal 4 

>4 (OFF) 


- 

±6 

ma 

Sync Outputs: 

Negative Sync Low 

V 2(L) 

n 




Negative Sync High 

V 2(H) 


■ 

m 


Positive Sync Low 

V 3(L) 

0 

- 



Positive Sync High 

V 3(H) 


- 



AGC Filter: 

Charge Current (Pulse Test) 

'l1(CH) 


■ 



Discharge Current 

'll (DISCH) 

1.1 

- 



Leakage Current 

'll (LEAK) 

- 

- 

±6 


AGC Enable: 

Horizontal Keying 

v 16 (ON) 


■ 

6 


Negative Sync Input Current 

'l (ON) 

- 

1 

- 


Maximum IF Gain-Clamp Voltage 

Vll 

KO 

- 


V 

Maximum IF Gain Bias 

v 12 


- 

m 

V 

IF AGC Voltage: 

Low 

v 13 (LOW) 

H 

■ 

B 

V 

High 

V 13(HIGH) 

B 

- 

1 

V 

Tuner Currents: 

Reverse AGC (FET) OFF Current 

1 14 (OFF) 

_ 

_ 

■ 

/uA 

Reverse AGC (FET) ON Current 

1 14 (ON) 

1.8 

- 

5.5 

mA 

Forward AGC (n-p-n) OFF Current 

1 1 5 (OFF) 

- 

- 

±6 

juA 

Reverse AGC (n-p-n) ON Current 

1 1 5 (ON) 

4.5 

- 

15 

mA 

Internal Noise-Lockout Time 

T 

1 

- 

63 

MS 
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CA3120E 


MAXIMUM RATINGS, Absolute-Maximum Values at T A 

DC SUPPLY VOLTAGE 

DEVICE DISSIPATION: 

Up to T A = 55°C 

Above T A = 55°C. . . . Derate linearly at 7.9 


25°C 

30 V 

750 mW 
mW/°C 


AMBIENT TEMPERATURE RANGE: 

Operating —40 to +85 °C 

Storage — 65to+150°C 

LEAD TEMPERATURE (During soldering): 

At a distance not less than 1 /32" (0.79 mm) 

from case for 10 seconds max +265 °C 


V+ 



92CL-226Q8 


Fig. 2— Schematic diagram of the CA3120E. 
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CA3120E 


File No. 691 


CIRCUIT DESCRIPTION* 

An AGC sample-and-hold system generates control voltages 
proportional to the video level. The sync-tip voltage is 
compared to an internal reference voltage during the horizontal 
sychronization (retrace) interval. The control voltages (AGC 
outputs) are supplied to the tuner's RF stage and the IF 
amplifier to maintain the video level at a constant value. 

The composite positive and negative output sync signals are 
developed across a low impedance source (totem-pole circuit) 
at an amplitude of approximately 20 volts peak-to-peak. 

Video Chain and Impulse Noise Inverter - The input video 
signal applied at Terminal 8 is white “positive" with a required 
amplitude in the range of 2 to 4 volts. The DC level of the sync 
peaks, AGC threshold voltage (Vy^) * s approximately 5 volts. 
The level is maintained at 5 volts by the AGC loop in the 
circuit, comprised of the CA3120E and the TV receiver RF 
and IF amplifiers. A low source impedance video signal is 
available from the emitter of Q1 (Terminal 9 in Fig. 2). 
The external resistor (Rxi in Fig. 9) reduces the dissipation 
of Q1 . The emitter-follower output of Q1 is direct coupled to 
a differential comparator stage (Q2, Q3). Unless a negative- 
going noise pulse is present, Q2 functions as an emitter follower 
and also cuts off transistors Q3, Q5, and Q"P 

The output of Q2 is applied through a signal delay network, 
consisting of transistor Q60 and associated resistors, to the 
Darlington followers (Q13 and Q14). The delayed video signal 
at Q14 is fed via its emitter to an AGC comparator Q19 and to 
the junction of a noise-cancelling amplifier stage (Q16). The 
noise-cancelled video signal is inverted and amplified by Q16 
and then connected to a Darlington emitter-follower output 
stage (Q57, Q58). 

If impulse noise is present on the video signal, Q3 conducts and 
turns on transistors Q5 and Q12. Q5 inverts and "stretches" 
the noise pulse width. The output of Q5 is applied to an emitter 
follower stage (Q12). The signal from Q12, in turn, is applied 
to the summing junction to the noise-cancelling amplifier Q16. 
The noise pulse, which has now been amplified, inverted and 
stretched, is added to the delayed video signal from the 
emitter of Q14. 

Because the video signal has been delayed approximately, 
300 nanoseconds and the noise pulse has been widened 
("stretched") approximately 500 nanoseconds, the output of 
the combined signal no longer contains impulse noise signals. 


The derived noise-gating pulse "surrounds" and effectively 
eliminates the effects of the impulse noise. 

The noise-cancelled video signal, amplified and buffered, is 
available at Terminal 5 for use in the sync-separator stage. The 
peak-to-peak amplitude of the noise-cancelled output signal is 
approximately twice the amplitude of the input video signal at 
Terminal 8. 

Sync Separator (See Figure 3) - The sync separator stage (Q56) 
clamps the detected sync tips to a fixed reference voltage 
(— 0.7 V) across its base-emitter junction, and amplifies a 
portion of the sync signal to provide dual polarity sync-signal 
outputs at Terminals 2 (negative) and 3 (positive). The output 
signals, are derived from low-impedance complementary 
emitter-follower stages; a base current of 100 microamperes 
into Terminal 4 is sufficient to generate full-amplitude sync 
signals. 

The choice of coupling the noise-cancelled video signal from 
the emitter-follower (Terminal 5) to the sync separator 
(Terminal 4) is a user option. Fig. 4 shows three typical 
coupling networks. 

Fig. 5 illustrates the operation of the AGC circuits. An input 
ramp signal, simulating the potential to which the AGC filter 
capacitor may be charged, is applied to Terminal 11. The 
forward IF AGC output voltage appears at Terminal 13. Under 
low-signal level conditions (represented by A to B in Fig. 5), 
the output level is approximately 1 .4 volts less than the voltage 
applied to Terminal 12. 

The circuit designer should select the voltage at Terminal 12 
to provide the maximum IF gain required for the system. At 
intermediate signal level conditions (represented by B to C in 
Fig. 5), the IF AGC signal follows the AGC filter potential. 
The tuner(s) will operate at maximum gain for good signal-to- 
noise ratios at these equivalent input signal levels. Point C is a 
turnover point determined by the open-circuit potential 
of the tuner-delay bias potentiometer. At this potential, 
further change in the IF AGC output is inhibited (for good 
dynamic range) and the tuner AGC potentials are activated 
(represented by C to D). 

The output at Terminal 14 with suitable level shifting is used 
for tuners requiring reverse AGC, such as MOSFET or 
electron-tube types. The output at Terminal 15 is used for 
tuners requiring forward AGC, such as tuners utilizing n-p-n 
bipolar transistors. 


For additional information refer to the "IEEE Transactions on Broadcast 
and TV Receivers". August 1970. pp. 185-195, Vol. BTR No. 3. 
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Fig. 5 — Typical operation of the AGC circuits using the CA3120E. 

92CS-22644 

Fig. 3 — Sync separator stage. 




24V 



(c) 

Fig. 4 — Typical coupling networks (Term. 5 to Term. 4). 
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CHARAC- 

TERISTIC 

TEST CONDITIONS 

TERMINAL 

MEASURED 

SWITCH NUMBERS 

SWITCH POSITION 

*T24 

2 

3 

1 

2 

1 

2 

3 

1 

1 

3 

2 

1 

2 

2 

2 

1 

5 

|2|6|7|9|14| 

VJH 

2 

1 

2 

1 

1 

4 

3 

4 

4 

3 

1 

2 

2 

2 

2 

1 

3 

E 

v 5 

2 

1 

2 

1 

1 

4 

3 

4 

4 

3 

1 

2 

2 

2 

2 

2 

3 


V TH(SEP) 

3 

1 

2 

1 

1 

* 

3 

3 

4 

1 

1 

2 

1 

2 

2 

2 

1 

* 

'4(OFF) 

3 

1 

2 

4 

2 

1 

1 

1 

1 

1 

1 

2 

1 

2 

2 

1 

1 

»4 

V 2L 

1 

2 

2 

3 

2 

1 

1 

1 

1 

1 

1 

2 

1 

1 

2 

1 

1 

Vl7 

V 2H 

3 

3 

1 

1 

2 

1 

1 

1 

1 

1 

1 

2 

1 

1 

2 

1 

1 

Vl7 

V3L 

3 

3 

1 

1 

2 

1 

1 

1 

1 

1 

1 

2 

1 

2 

1 

1 

1 

Vl8 

X 

CO 

> 

3 

3 

1 

3 

2 

1 

1 

1 

1 

1 

1 

2 

1 

2 

1 

1 

1 

Vl8 

■ll(CH) 

2 

1 

2 

5 

2 

1 

1 

5 

4 

3 

1 

2 

2 

2 

2 

1 

5 

'll 

'll(DISCH) 

2 

1 

2 

5 

1 

2 

3 

6 

4 

3 

1 

2 

2 

2 

2 

1 

5 

'll 

'll(LEAK) 

2 

1 

2 

5 

2 

1 

1 

6 

4 

3 

2 

2 

1 

2 

2 

1 

5 

'll 

Vll 

2 

1 

2 

5 

1 

2 

3 

2 

3 

3 

1 

2 

2 

2 

2 

1 

5 

Vll 

v 12 

3 

1 

2 

5 

2 

1 

1 

3 

4 

3 

1 

2 

1 

2 

2 

1 

5 

v 12 

v 13(LOW) 

3 

1 

2 

5 

2 

2 

3 

1 

1 

2 

1 

2 

1 

2 

2 

1 

2 

v 13 

V 13(HIGH) 

3 

1 

2 

5 

2 

2 

3 

7 

4 

3 

2 

1 

1 

2 

2 

1 

4 

V 20 

'l4(OFF) 

3 

1 

2 

5 

2 

2 

3 

3 

4 

3 

3 

1 

1 

2 

2 

1 

5 

' 14 

'l4(ON) 

3 

1 

2 

5 

2 

2 

3 

8 

4 

3 

3 

1 

1 

2 

2 

1 

5 

' 14 

'l5(OFF) 

3 

1 

2 

5 

2 

2 

3 

3 

4 

3 

2 

3 

1 

2 

2 

1 

5 

' 1 5 

•l5(ON) 

3 

1 

2 

5 

2 

2 

3 

8 

4 

3 

2 

3 

1 

2 

2 

1 

5 

>15 


CAUTION: Remove power before selecting or adjusting switches.. 

* Reduce voltage at Terminal 8 until V^g decreases. = Vj^- Vg. 

Fig. 7 — Test condition values for associated switches 1 through 20 (switches 6, 7, and Ware omitted). 
Refer to Figs. 6 and 8 for test circuit and test-condition selector-switch arrangements. 
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4 IOO k ft 






10 k ft 

92CS-22689 


NOTE: The numbers in the square boxes refer to the 17 switches 
(switches 6, 7, and 10 are omitted) of the test circuit and 
correspond to those given in Figs. 6 and 7. 

CAUTION: Remove power before selecting or adjusting switches 


Fig. 8 - Test condition selector switch arrangement for measuring 
the electrical characteristics of the CA3120E. 
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Fig. 9 - Typical application using the CA3120E. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3121E 



16-Lead Dual-ln-Line 

Plastic Package H-1622 


TV Chroma Amplifier/Demodulator 

Provides Complete System for Processing Chroma 
When Used with RCA-CA3070 

Features 

■ Excellent linearity in dc chroma gain-controlled circuit 

■ improved filtering reduces 7.2 MHz output from the 
color demodulators 

■ Current limiting for short-circuit protection 

■ Good tolerance to B+ supply variations 

■ Good temperature coefficient stability 


RCA-CA3121E is a monolithic silicon integrated circuit chroma 
amplifier/demodulator with ACC and killer control for color-TV 
receivers. It is designed to function compatibly with the 
CA3070 in a two package chroma system. Figs. 3 and 4 show 
a functional block diagram and the outboard circuitry of a 
typical two-package chroma system incorporating the CA31 21 E 
and CA3070, respectively. 

The CA3121E is supplied in a 16-lead dual-in-line plastic 
package. 


MAXIMUM RATINGS at T A = 25°C 

Supply Voltage 30 V 

Device Dissipation: 

Up to T A = 55° C 750 mW 

Above T a = 55°C derate linearly 7.9 mW/°C 

Operating Temperature Range —40 to +85 C 

Lead Temperature (During Soldering) 

At distance 1/16” ±1/32” (1 .59 ±0.79 mm) Q 

from case for 10 s max +265 C 
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ELECTRICAL CHARACTERISTICS at T A = 25°C and Referenced to Test Circuit (Fig. 8) 


CHARACTERISTIC 

TERMINAL 

MEASURED 

AND 

TEST CONDITIONS 




SYMBOL 


Min. 

Typ. 

Max. 


Supply Current 

'T 

- 

- 

40 

44 

mA 

Input Sensitivity 

v 2 

Vary Eg; set V4 for 55 mV RMS 

6 

10 



Second-Stage Sensitivity 

v 4 

Vary Eg; set V-j 1 for 2 V RMS 

25 

55 



Output Voltage 
(Killer off) 

Vll 

Switch Position: SI =2, S2=2, S3=2 

Adjust killer potentiometer until output 
drops 



m 

m 

| Demodulator Characteristics: 






Output Voltages 

v 9' v 10< V 11 


13 

14.3 

m 

■n 

DC Output Balance 
(Between any 2 
outputs) 

- 

— 

-0.6 



V 

Unbalance 

Vg,v 10 , Vn 

Eg=0; Switch Position: SI =1 , S2=1, 

S3=1 

- 

- 

0.8 

Vp-P 

Relative Outputs— 

R-Y 

VlO 

Vary Eg; set Vi 1 for 2 V RMS 

1.4 

1.52 

1.68 

V RMS 

G-Y 

v 9 


0.3 

0.4 

0.5 

1: 

Relative Phase- 

R-Y 

VlO 

Vary Eg; set V n for 2 V RMS; 
read phase of V-jg and Vg 

-101 

-106 


MM 

G-Y 

v 9 

with Vi 1 as reference 

112 

104 


degrees 

Max. Output Voltage 

Vll 

Eg = 750 mV 

2.8 

- 

- 

V RMS 


CIRCUIT OPERATION 


The CA3121E consists of three basic circuit sections: 
(1) amplifier No. 1, (2) amplifier No. 2, and (3) demodulator. 
Amplifier No. 1 contains the circuitry for automatic chroma 
control (ACC) and color-killer sensing. The output of amplifier 
No. 1 (Terminal 3) is coupled to the Chroma Signal Processor 
(CA3070 or equivalent) for ACC and automatic phase control 
(APC) operation and to the input of amplifier No. 2 
(Terminal 4) containing the chroma gain control circuitry. The 
signal from the color-killer circuit in amplifier No. 1 acts 
upon amplifier No. 2 to greatly reduce its gain. 

The output from amplifier No. 2 (Terminal 14) is applied, 
through a filtering network, to the demodulator input 


(Terminal 13). The demodulator also receives the R-Y and 
B-Y demodulation subcarrier signals (Terminals 7 and 8) 
from the oscillator output of the chroma signal processor. The 
R-Y and B-Y demodulators and the matrix network contained 
in the demodulator section of the CA3121E reconstruct the 
G-Y signal to achieve the R-Y, G-Y, and B-Y color difference 
signals. These high-level outputs signals with low impedance 
outputs are suitable for driving high-level R, G, B output 
amplifiers. Internal capacitors are included on each output to 
filter out unwanted harmonics. For additional operating 
information and signal waveforms, refer to Television Chroma 
System (utilizing RCA-CA3070, CA3071, CA3072),File No.468. 
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Fig. 3 — Simplified functional diagram of a two-package TV chroma 
system utilizing the CA3121E and CA3070. 
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Fig. 5 - Typical ACC plot for the CA3121E when used with 
the CA3070. 



Fig.6 — Photograph of the component side of the circuit board 

(4 in. x 7 in.) of the two-package chroma system utilizing 
the CA3121E and CA3070. 



Fig. 7 — Photograph of the foil side of the circuit board (4 in. x 7 in.) of the 
two-package chroma system utilizing the CA3121E and CA3070. 
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SUBCARRIER 
INJECTION 
102° PHASE DIFFERENCE 


note: 

2.2-kfl LOADS ONLY FOR TEST PURPOSE, 3.3-kfl LOADS RECOMMENDED FOR APPLICATIONS. 
RESISTANCE VALUES ARE IN OHMS. 

CAPACITANCE VALUES ARE IN MICROFARADS UNLESS OTHERWISE INDICATED. 


92CM-22732 


Fig. 8 — Typical characteristics test circuit for the CA3121E. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3123E 


AM Radio Receiver Subsystem 

Includes RF Amplifier, IF Amplifier, Mixer, 
Oscillator, AGC Detector, and Voltage Regulator 

Features: 

■ Low-noise, low-R^' rf stage in cascode connection — 
eliminates Miller-Effect regeneration and allows con- 
trolled power rise by the choice of external components 

■ Mixer-oscillator stage with internal feedback — 
eliminates need for tapped or multi-winding 
oscillator coils 

The CA3123E* is a monolithic silicon integrated circuit 
that provides an rf amplifier, if amplifier, mixer, oscillator, 

AGC detector, and voltage regulator on a single chip. It is 
intended for use in super-heterodyne AM radio receiver 
applications particularly in automobiles. The CA3123E is 
supplied in a 14-lead dual-in-line plastic package and operates 
over the temperature range of —55° to 125°C. 

* Formerly RCA Dev. No. TA6155 


■ Cascode if amplifier with controlled output impedance 
and negligible Miller Effect — 

eliminates regeneration and selectivity skewing 

■ Frequency-counter AGC circuit — 

allows control of AGC response by selection of the 
coupling capacitor 

■ Integral regulation with built-in surge protection 

■ Separately accessible amplifiers 



MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE: 

At Terminal No. 3 (V + ) 9 V 

At Terminal No. 6 (I F Output) 40 V 

At Terminal No. 13 (RF Output) 20 V 

At Terminal No. 14 (Mixer Output) ... 20 V 

DC CURRENT: 

Into Terminal No. 3 (V + ) 35 mA 

DEVICE DISSIPATION: 

Up to T A = 55°C 750 mW 

Above T a = 55°C derate linearly 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating -55to+125°C 

Storage —65 to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16" ± 1/3” 

(1.59 mm ± 0.79 mm) 

from case for 10 s max 265°C 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 


Static Characteristics In Circuit of Fig. 3 


DC Voltage: 

At Terminals 1 , 4 



Signal-to-Noise Rati 



Ratio of Output at Vq 
with Modulation ON and then 
OFF, Input Signal = 100 /iV, 
30% AM Modulation at 
f MOD =400 Hz 


Input Signal set at 
1 MHz, 90% AM 
Modulation, Distortion 
at Vo must be 



Dynamic Characteristics For Indicated Stages In 


Parallel Capacitance 


Circuit of Fig. 3 


Parallel Resistance 


T ransconductance 



3000 (Amplifier) 
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"Transformer 

Symbol 

Frequency 

Inductance 

Hh 

Capacitance 

pF 

Q 

(^) 

Total Turns To 
Tap Turns Ratio 

Coupling 

First IF: 

Primary 


262 kHz 

2840 

130 

60 

none 

critical 

~0.01 7 ~ 1 /Q 

Secondary 

T 2 


2840 

130 

60 

or 30:1 

31:1 

Second IF: 

Primary 


262 kHz 

2840 

130 

60 

8.5:1 

critical 

~ 0.01 7 ^ 1 /Q 

Secondary 

3 


2840 

130 

60 

8.5:1 



1 MHz 

195 

(C 1 ) — 1 30 

65 



Secondary 

T 1 

Adjusted to an impedance of 75 $1 with primary resonant at 1 MHz. Coupling should be as tight as practical. 
Wire should be wound around end of coil away from tuning core. 


Li 

7.9 MHz 

6 


50 



Coils 

l 2 

1 MHz 

55 


50 




L3 

1.262 MHz 

41 


40 




Fig. 3— Schematic diagram of AM radio receiver using CA3123E. 
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[MM] 

Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3125E 



14-Lead Dual-ln-Line 
Plastic Package 

H-1517 


Television Chroma Demodulator 


Features: 

■ Luminance input 

■ Blanking control input 

■ Three separate demodulators with independent phase control 

■ Low output offset voltage 0.4 V 


RCA-CA3125E is a monolithic silicon integrated-circuit 
chroma demodulator having three separate demodulators 
with independent phase control. It is designed to function 
compatibly with the CA1398E 1C Chroma Processor as well 
as other commercially available Chroma Processors in R-G-B 
Systems of color-TV receivers. Fig. 2 shows a functional 
block diagram of a 2-package TV Chroma System incorporating 
the CA3125E and CA1398E. The CA3125E is supplied in a 
14-lead dual-in-line plastic package. 


MAXIMUM RATI NGS, Absolute-Maximum Values at T A = 25° C 

SUPPLY VOLTAGE 25 V 

SUPPLY CURRENT 20mA 

AMBIENT-TEMPERATURE RANGE: 

Operating — 40°Cto+85°C 

Storage — 65°C to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6" ± 1 /32" ( 1 .59 ± 0.79 mm) 

from case for 10 s max 265 C 


LUMINANCE 



Fig. 1 — Functional block diagram of the CA3125E. 


10-73 


545 






CA3125E File No. 685 


TYPICAL STATIC CHARACTERISTICS AT T A = 25°C, 


V + = +20 VOLTS 

SUPPLY CURRENT 9.6 mA 

BRIGHTNESS CONTROL VOLTAGE: 

Measured with 8 volts at 

Terminals 1 1, 12, and 13 1.4 V 

MAX. OUTPUT DIFFERENCE VOLTAGE: 

Measured between any two of 

Terminals 11, 12, and 13 ±0.4 V 

MAXIMUM DC DETECTOR UNBALANCE 
VOLTAGE: 


DC voltage shift on Terminals 11,12, and 13 
when Terminals 1 , 2, and 3 are alternately 
biased 0.5 volt positive, then negative with 
reference to Terminal 14 +150 mV 


TYPICAL DYNAMIC CHARACTERISTICS AT T A = 25°C, 
V + = +20 volts 
BLUE CHROMA GAIN: 

Peak-to-peak voltage at Terminal 11 with 1.0 volt 
peak-to-peak applied differentially between 
Terminals 6 and 7, and with a subcarrier 
injection voltage of 1 volt peak-to-peak 7.36 Vp-p 

RED GAIN RATIO: 

Peak-to-peak voltage at Terminal 13 
Peak-to-peak voltage at Terminal 1 1 
GREEN GAIN RATIO: 

Peak-to-peak voltage at Terminal 12 
Peak-to-peak voltage at Terminal 11 
LUMINANCE GAIN: 

Peak-to-peak voltage measured at Terminals 11, 

1 2, and 1 3, with a peak-to-peak voltage of 

0.1 volt applied to Terminals 6 and 7 

(common mode), and with no subcarrier 

injection 0.7 Vp-p 


100 100 % 

100 30% 



Fig. 2 — TV chroma system functional block diagram. 
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^ GREEN ^ BLUE 

^OUTPUT ^OUTPUT 


RED DEMODULATOR 


I DEMODULATOR 

GREEN DEMODULATOR 1 1 


BRIGHTNESS 
LEVEL a 
BLANKING 



V^GREEN 

SUBCARRIER 

IN 


BLUE 

SUBCARRIER 

IN 


Fig. 3 — Schematic diagram of the CA3125E. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3126Q 



TV Chroma Processor 

Features: 

■ Phase-locked subcarrier regeneration utilizes sample-and-hold techniques 

■ Automatic chrominance control (ACC)/killer detector employs 
sample-and-hold techniques 

■ Supplementary ACC with an overload detector to prevent oversaturation 
of the picture tube 

■ Sinusoidal subcarrier output 

■ Keyed chroma output 

■ Emitter-follower buffered outputs for low output impedance 

■ Linear dc saturation control 

■ Internal zener-regulated reference potentials 


RCA-CA3126Q is a monolithic silicon integrated circuit 
designed for chroma processing applications in color TV 
receivers. It is compatible with the CA3067 chroma demodu- 
lator as well as other chroma demodulators. 


■ Only the initial crystal filter tuning is required. . . no killer or 
ACC adjustments required at any time 

■ Few external components required 

■ Compensation for temperature and supply variations 

■ All terminals protected against short circuits 
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U — 5 fit CENTERED ON BURST 


j-QTov 


92CL - 24998 


Fig. 2— Test circuit for CA3126Q. 


CIRCUIT DESCRIPTION 

The following paragraphs briefly describe the circuit operation 
oftheCA3126Q (shown in Figs. 1 and 3). A detailed description 
of the operation of various portions of the CA3126Q is given 
in ICAN-6247, "Application of the CA3126Q Chroma-Pro- 
cessing 1C Using Sample-and-Hold Techniques". 

The chroma input is applied to Terminal 1 through the desired 
band-shaping network. A 2,450-ohm resistor should be placed 
in series with Terminal 1 to minimize oscillator pickup in the 
first chroma amplifier. This amplifier supplies signals to the 
second chroma amplifier and to the ACC and AFPC detectors. 
The first chroma amplifier is gain-controlled by the ACC 
amplifier. 


A horizontal keying pulse is applied to Terminal 9. This pulse 
must be present to ensure proper operation of the oscillator 
circuit. The subcarrier burst is sampled during the keying 
interval in the AFPC detector. The error voltage, produced at 
Terminal 2 and proportional to the burst phase, is compared 
to the quiescent bias voltage at Terminal 3 by the sample-and- 
hold circuitry. This "compared" voltage controls the phase- 
shifting network in the phase-locked loop. The operation of the 
AFPC loop is independent of any external adjustments or 
voltages except for an initial capacitor adjustment to set the 
free-running frequency. 
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MAXIMUM RATINGS, Absolute-Maximum Values at T ^ = 25°C 


DEVICE DISSIPATION: 

Up to T A = 55°C 750 mW 

Above T a = 55 °C . . derate linearly 7.9 mW/°C 

DC SUPPLY VOLTAGE (Across Terms. 5 and 12) A 13.2 V 

DC CURRENT: 

Into Term. 12 38 mA 

Into Term. 14 20 mA 

DC VOLTAGE (Terminal 9): 

Negative Rating — 5 V 

Positive Rating 3 V 

AMBIENT TEMPERATURE RANGE: 

Operating -40 to +85°C 

Storage -65 to +150°C 

LEAD TEMPERATURE (During Soldering): 

At a distance not less than 1/32 in. (0.79 mm) 

from case for 10 seconds max +265°C 


A This rating does not apply when using the internal zener reference 
in conjunction with an external pass transistor. 


ELECTRICAL CHARACTERISTICS 

Test Conditions: T^ = 25°C, chroma control at maximum position for all characteristics tests except for chroma output test. 

For this test, control should be set at minimum position. Electrical characteristics referenced to test circuit, Fig.2. 


CHARACTERISTIC 

TERMINAL, 
MEASURE- 
MENT, AND 
SYMBOL 

SWITCH POS. 

CHROMA 

INPUT 

TP1 

LIMITS 

UNITS 

SI 

S2 

Min. 

Typ. 

Max. 

Static Characteristics | 

Voltage Regulator 

v 12 

2 

2 

0 

10.1 

11.2 

BEB 


Supply Current 

1 1 2 

2 

2 

0 

16 

25 


mA 

Dynamic Characteristics (See Note 1) [ 

Pull-in Range* 

v 8 

* 

2 


±250 

- 

- 

Hz 

Oscillator Output 

v 8 

2 

2 

0 

0.6 

1.0 

- 

mm 

100% Chroma Output 

v 15 

1 

2 

waasM 

1.4 

2.7 

- 

mm 


V 15 

1 

1 

WEBM 

0.4 

- 

0.7 

■B9 

Minimum Chroma Output 

v 15 

1 

2 

■'**'*■ 

- 

- 



200% Chroma Output 

Vl5 

1 

2 

MBSM 

70 

100 

■ 

%of 

100% 

reading 

20% Chroma Output 

V 15 

1 

2 

o.i v P 

40 

- 

105 

Kill Level 

V TP1 

1 

2 

vary 

5 

- 

60 

m ^p-p 


Note 1 : Except for pull-in range testing, tune oscillator trimmer capacitor for free-running frequency of 3.579545 MHz ±10 Hz. 
*Set Switch 1 to Position 2, detune oscillator ± 250 Hz, set Switch 1 to Position 1, and check for oscillator pull-in. 
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The regenerated oscillator signal at Terminal 8 is applied 
internally to the AFPC and ACC detectors through +45- and 
-45-degree phase-shifter networks to establish the proper 
phase relationship for these detectors. The ACC detector, 
which also samples the burst during the keying interval, 
produces a correction voltage proportional to the burst ampli- 
tude. The correction voltage is compared to the quiescent bias 
level using sample-and-hold circuitry similar to that used in the 
AFPC portion of the circuit. The “compared" voltage is applied 
internally to the ACC amplifier and killer amplifier. Because 
the amplifier gains and killer threshold are determined by the 
ratios of the internal resistors, these functions are independent 
of external voltages or controls. 

The attenuated chroma signal is fed to the second chroma 
amplifier, where the burst is removed by keyer action. The 
killer amplifier, the chroma gain control, and the overload 
detector control the action of the second chroma amplifier, 
whose gain is proportional to the dc voltage at Terminal 16. 
The overload detector (Terminal 13) receives a sample of the 
chroma output (Terminal 15) and detects the peak of the signal. 
The detected voltage is stored in an external capacitor con- 
nected to Terminal 16. This stored voltage on Terminal 16 
affects the gain of the second chroma in the same manner as 
the chroma gain control. 

APPLICATIONS INFORMATION 
General Considerations 

The block diagram shown in Fig. 1 is typical of the type of 
circuit used in the practical application of the CA3126Q. 
Several items are critical for proper operation of the circuit. 

1. A series resistor of approximately 2,450 ohms (or high 
source impedance) must be used at the chroma input, 
Terminal 1. This high impedance minimizes pickup of 
unbalanced currents, particularly of the subcarrier oscillator 
signal. 

2. When the overload detector is used, a large, resistor (nom- 
inally 47,000 ohms) must be placed in series with Terminal 
16 to set the required RC time constant. The same RC 
network series serves to set the killer time constant. 

3. The setting of the free-running oscillator frequency requires 
the presence of the keying pulse. The free-running frequency 
will be erroneous if Terminal 1 is dc shorted during the 
setting operation because of the dc offset voltage introduced 
to the AFPC detector. 

4. Care must be taken in PC board designs to provide 
reasonable isolation between the oscillator portion of the 
circuit (Terminals 6, 7, and 8) and the chroma input 
(Terminal 1). 

Overload Detector 

The overload detector accomplishes two purposes: 

1. It prevents oversaturation due to low burst-to-chroma 
ratios. 

2. It prevents overload conditions due to noise. 

Both of these conditions are discussed in more detail in 
ICAN-6247. The extent to which the overload detector is used 
depends upon the individual receiver design goals. If greater 
than 0.5-volt peak-to-peak output is desired, the chroma 
output at Terminal 15 can be tapped to yield any desired 
degree of overload detector action. 


Chroma Gain Control 

The chroma gain control operates by varying the base bias on 
current source transistor Q25. To ensure proper temperature 
tracking of the chroma gain control, it is essential that the 
control be operated from a supply source derived from the 
reference voltage at Terminal 12. Because the control operates 
from a current source, chroma gain is much more predictable 
and far less temperature sensitive than controls that steer 
current by means of a differential amplifier. The typical chroma 
gain characteristic for the CA3126Q is shown in Fig. 4. 



VOLTAGE AT TERM. 16 (V| 6 > % OF V, 2 

92CS-24999 

Fig. 4— Chroma gain control. 

Subcarrier Regenerator Oscillator 

The oscillator filter consists of a 3.579545-MHz crystal, a 
680-ohm resistor, and a 10-pF capacitor connected in series 
across Terminals 6 and 7. A 33-pF capacitor, shunt connected 
from Terminal 7 to ground, rolls off higher-order harmonics, 
thereby preventing oscillation at the crystal third-harmonic 
frequency. A curve of the typical static phase error as a 
function of the free-running oscillator frequency is shown in 
Fig. 5. It should be noted that the slope of the curve determines 
the dc gain of the phase-locked loop, i.e., 40 Hz per degree. 
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Thermal Considerations 

The circuit of the CA3126Q is thermally compensated to 
achieve the optimal operating characteristics over the normal 
operating temperature range of TV receivers. Figs. 6 and 7 
show the oscillator- and chroma-output amplitudes and phases 
as a function of temperature (Terminals 8 and 15), respectively. 


Both the oscillator- and chroma-output amplitudes and phases 
are measured relative to the chroma-input phase. The per- 
formance of the oscillator free-running frequency as a function 
of temperature is shown in Fig. 8. All the temperature plots are 
characteristic of the test circuit with the indicated component 
types and values given in Fig. 2. 
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Fig. 8— Variation of oscillator free-running frequency vs. temperature. 
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Linear Integrated Circuits 

Monolithic Silicon 

CA3127E 

High-Frequency N-P-N 
Transistor Array 

For Low-Power Applications at Frequencies up to 500 MHz 
Features: 

a Gain-Bandwidth Product (f j) > 1 GHz 

■ Power Gain = 30 dB (typ.) at 100 MHz 

■ Noise Figure = 3.5 dB (typ.) at 100 MHz 
n Five independent transistors on a common substrate 

Applications: 
n VHF amplifiers 
■ VHF mixers 

RCA-CA3127E* consists of five general-purpose silicon n-p-n a Multifunction combinations - RF/mixer/oscillator 
transistors on a common monolithic substrate. Each of the □ I F Converter 

completely isolated transistors exhibits low 1/f noise and a □ IF amplifiers 

value of fy in excess of 1 GHz, making the CA3127E useful □ Sense amplifiers 

from dc to 500 MHz. Access is provided to each of the □ Synthesizers 

terminals for the individual transistors and a separate substrate a Synchronous detectors 
connection has been provided for maximum application flexi- a Cascade amplifiers 
bility. The monolithic construction of the CA3127E provides 
close electrical and thermal matching of the five transistors. 

The CA3127E is supplied in a 16-lead dual-in-line plastic 0 
package and operates over the full military temperature range 
of -55 to +125°C. 

* Formerly RCA Dev. No. TA6206. 


92CS-222I4 

Fig. 1— Schematic diagram of CA3127E. 


The following ratings apply for each transistor in the device. 

Collector-to-Emitter Voltage, Vq^q 15 V 

Collector-to-Base Voltage, Vqqq 20 V 

Collector-to-Substrate Voltage, Vqiq* 20 V 

Collector Current, Iq 20 mA 

*The collector of each transistor of the CA3127E is isolated from the 
substrate by an integral diode. The substrate (terminal 5) must be 
connected to the most negative point in the external circuit to main- 
tain isolation between transistors and to provide for normal transistor 
action. 


MAXIMUM RATINGS, Absolute-Maximum Values , 


at T a = 25° C 

POWER DISSIPATION, P Q : 

Any one transistor 85 mW 

Total Package: 

For T a up to 75°C 425 mW 

For T a >75°C Derate Linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating -55 to +125°C 

Storage -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) 

from case for 10 seconds max +265 C 





Solid State 
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STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 





Min. 

Typ. 

Max. 


For Each Transistor: j 

Collector-to-Base 

Breakdown Voltage 

V (BR)CBO 

l c = 10 mA, i e =0 

20 

32 

- 

V 

Collector-to-Emitter 

Breakdown Voltage 

V (BR)CE0 

Iq = 1 mA, Ig = 0 

15 

24 

- 

V 

Collector-to-Substrate 
Breakdown Voltage 

V (BR)CI0 

1 c i = 10 /iA , 1 g = 0, 

l E =0 

20 

60 

- 

V 

Emitter-to-Base 

Breakdown Voltage* 

V (BR)EB0 

l E = 10 mA 

o 

ii 

O 

4 

5.7 

- 

V 

Col lector-Cutoff -Current 

'CEO 

V C e = 1°V.Ib=0 

- 

- 

0.5 

MA 

Collector-Cutoff-Current 

'CBO 

v C b = i°v, | e = o 

- 

- 

40 

nA 




Iq = 5 mA 

35 

88 

- 



h FE 

V CE = 6 V 

l c =1mA 

40 

90 

- 


Transfer Ratio 



Iq = 0.1 mA 

35 

85 

- 





Iq = 5 mA 

0.71 

0.81 

0.91 


Base-to-Emitter Voltage 

V BE 

V CE = 6V 

l c = 1 mA 

0.66 

0.76 

0.86 

V 




Iq = 0.1 mA 

0.60 

0.70 

0.80 


Collector-to-Emitter 

Saturation Voltage 

V CE(sat) 

Iq = 10 mA, Ig = 1 mA 

- 

0.26 

0.50 

V 

Magnitude of Difference 

inV B E 

|av be | 

Q-j & Q 2 Matched 


0.5 

5 

mV 

Magnitude of Difference 
in l B 

I^'bI 

V CE = 6V, l c = 1 mA 

- 

0.2 

3 

»A 


*When used as a zener for reference voltage, the device must not be subjected to more than 0.1 millijoule of energy from any possible 
capacitive or electrostatic discharge in order to prevent degradation of the junction. Maximum operating zener current should be less than 10 mA, 


DYNAMIC CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 


LIMITS 

UNITS 




Fig. No. 

Min. 

Typ. 

Max. 


l/F Noise Figure 

NF 

f = 100 kHz, R s = 500 

Iq = 4 mA 

2 

- 

1.8 

- 

dB 

Gain-Bandwidth Product 

f T 

V CE = 6 V, Iq = 5 mA 

4 

- 

1.15 

- 

GHz 

Collector-to-Base Capacitance 

C CB 

Vqb = 6 V.f = 1 MHz 

5 

- 

See 

- 

PF 

Collector-to-Substrate Capacitance 

C CI 

V c , =6V,f = 1 MHz 

5 

- 

Fig. 

- 

PF 

Emitter-to-Base Capacitance 

O 

03 

V BE =4 V.f = 1 MHz 

5 

- 

5 

- 

PF 

Voltage Gain 

A 

V CE = 6V - f = 10MHz 

R l = 1 Ktt, Iq = 1 mA 

6, 18 

- 

28 

- 

dB 

Power Gain 

G ’ 

Cascode Configuration 
f= 100 MHz, V + = 12 V 

19, 20 

27 

30 


dB 

Noise Figure 

NF 

Iq = 1 mA 

19, 20 

- 

3.5 


dB 

Input Resistance 

l7 g1 1 

Common-Emitter 

10 

- 

400 

- 

ft 

Output Resistance 

V g22 

Configuration 

12 

- 

4.6 

- 

kft 

Input Capacitance 

C 11 

V CE = 6 V 

10 

- 

3.7 

- 

PF 

Output Capacitance 

C 22 

Iq = 1 mA 

12 

- 

2 

- 

PF 

Magnitude of Forward Transadmittance 

1 Y 21 1 

f = 200 MHz 

14, 15 

- 

24 

- 

mmho 
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CA3127E 


CHARACTERISTICS CURN/ES 
COMMON- EMITTER CONFIGURATION 
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Fig. 5(a) — Capacitance vs. bias voltage for Qp 
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COLLECTOR CURRENT (I C )— mA 


92CS-222I5 

Gain-bandwidth product vs. collector current. 



Fig. 5(b) — Typical capacitance values at f = 1 MHz. Three terminal 
measurement. Guard all terminals except those under test. 



Fig. 6 — Voltage gain vs. frequency at R/_ = 1 kfl. 









CHARACTERISTICS CURVES (Cont'd) 
COMMON-EMITTER CONFIGURATION 
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Fig. 7 — Voltage gain vs. frequency at Rf_ = 100 n. 





Fig. 10 — Input admittance (Yjj) vs. frequency. 



92CS-22222 

Fig. 11 — Input admittance (Yjj) vs. collector current. 



Fig. 12 — Output admittance (Y 22 ) vs - frequency. 
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CHARACTERISTICS CURVES (Cont'd) 
COMMON-EMITTER CONFIGURATION 
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COLLECTOR CURRENT (I c )—mA 

92CS-22225 

14 — Forward transadmittance (Y 2 j) vs. collector current. 


FREQUENCY (f) — MHz 

Fig. 17 — Reverse transadmittance ( Y J2 ) vs. frequency. 

TEST CIRCUITS 
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Fig. 15 — Forward transadmittance (Y 2 j) vs. frequency. 
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Fig. 18 — Voltage-gain test circuit using current-mirror biasing for Q2. 
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TEST CIRCUITS (Cont'd) 


This circuit was chosen because it conveneietly represents a close 
approximation in performance to a properly unilateralized single 
transistor of this type. The use of Q3 in a current-mirror configuration 
facilitates simplified biasing. The use of the cascode circuit in no way 
implies that the transistors cannot be used individually. 


and noise-figure test circuit. 



Fig. 20 — Block diagrams of power-gain and noise-figure test set-ups. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 


Preliminary Data 


CA3128Q 


TV Chroma Processor for PAL Systems 



16-lead Quad-in-line palstic package 

H-1706 


Features: 

■ Phase-locked subcarrier regeneration 
utilizes sample-and-hold techniques in 
the automatic frequency phase control 
(AFPC) servo loop 

■ Automatic chrominance control (ACC)/ 
killer detector employs sample-and-hold 
techniques 

■ Supplementary ACC with an overload 
detector to prevent oversaturation of 
the picture tube 


■ Sinusoidal subcarrier output 

■ Keyed chroma output 

■ Emitter-follower buffered outputs for 
low output impedance 

■ Linear dc saturation control 

■ PAL identification output 


The RCA-CA3128Q is a monolithic silicon integrated circuit 
designed primarily for PAL chroma processing applications in 
color TV receivers. For a circuit description of the CA31 28Q 
and an explanation of this device in PAL systems, refer to "A 
New Chroma Processing 1C Using Sample -and-Hold Techniques" 
by L. A. Harwood (ST6144). 


■ Only the initial crystal filter tuning is required ... no killer 
and ACC adjustments required at any time 

■ Few external components required 

■ Compensation for temperature and supply variations 

■ All terminals protected against short circuits 


MAXIMUM RATINGS, Absolute-Maximum Values at T A =25°C 


DC SUPPLY VOLTAGE (Between Terms. 12 and 5) 13.2 V 

DC VOLTAGE (Term. 9): 

Positive Value +3 V 

Negative Value —5 V 

DEVICE DISSIPATION: 

Up to T A = 55° C 750 mW 

Above T A = 55°C derate linearly at 7.9 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating —40 to +85 °C 

Storage —65 to +150 °C 

LEAD TEMPERATURE (DURING SOLDERING): 

At a distance not less than 1/32" (0.79 mm) from case for 10 seconds max +265 C 

TYPICAL STATIC CHARACTERISTICS at T A = 25°C: 

DC Supply Current (l-| 2 )with V 12 = 1 “I- 2 V dc 25 mA 

TYPICAL DYNAMIC CHARACTERISTICS at T A = 25°C with a Burst-to-Chroma Ratio of 46.5%: 

100% Chroma Output Voltage at Vj (p.pj = 0.5 V 3.5 Vp-p 

Oscillator- Level Output Voltage 1 Vp-p 

Killer Threshold Input Voltage 0.018 Vp-p 

Pull-in Frequency 500 Hz 

PAL Identification Output Voltage 1 Vp-p 
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CA3128Q 



Fig. 1 — Block diagram of CA3128Q TV Chroma Processor. 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3130BT, CA3130BS 
CA3130AT, CA3130AS 
CA3130T, CA3130S 



COS/MOS Operational Amplifiers 

With MOS/FET Input 
Features: 

■ MOS/FET input stage provides: 

very high Zj = 1.5 TO (1.5 x 10 12 Q.) typ. 
very low lj = 5 pA typ. at 15 V operation 
2 pA typ. at 5 V operation 
n Common-mode input-voltage range includes 
negative supply rail; input terminals can 
be swung 0.5 V below negative supply rail 

■ COS/MOS output stage permits signal swing 

to either (or both) supply rails 


Ideal for 

single-supply 

applications 


RCA-CA3130T, CA3130S, CA3130AT, CA3130AS, CA- 
3130BT, and CA3130BS are integrated-circuit operational 
amplifiers that combine the advantages of both COS/MOS and 
bipolar transistors on a monolithic chip. 

Gate-protected p-channel MOS/FET (PMOS) transistors are 
used in the input circuit to provide very-high-input impedance, 
very-low-input current, and exceptional speed performance. The 
use of PMOS field-effect transistors in the input stage results in 
common-mode input-voltage capability down to 0.5 volt below 
the negative-supply terminal, an important attribute in single- 
supply applications. 

A complementary-symmetry MOS (COS/MOS) transistor pair, 
capable of swinging the output voltage to within millivolts of 
either supply-voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 

The CA3130 Series circuits operate at supply voltages ranging 
from 5 to 16 volts, or ±2.5 to ±8 volts when using split supplies. 
They can be phase compensated with a single external capacitor, 
and have terminals for adjustment of offset voltage for appli- 
cations requiring offset-null capability. Terminal provisions 
are also made to permit strobing of the output stage. 
The CA3130 Series is supplied in either the standard 8-lead 
TO-5-style package (T suffix) or in the 8-lead dual-in-line 
formed-lead TO-5-style package "DIL-CAN" (S suffix) and 
operates over the full military-temperature range of — 55°Cto 
+125°C. The CA3130B is intended for applications requiring 
premium-grade specifications and with limits established for: 
input current, temperature coefficient of input-offset voltage, 
and gain over the range of — 55°C to +125°C. The CA3130A 
offers superior input characteristics over those of the CA3130. 


■ Low V| 0 : 2 mV max. (CA3130B) 

■ Wide BW: 15 MHz typ. (unity-gain crossover) 
h High SR: 10 V//ns typ. (unity-gain follower) 
o High output current (Iq): 20 mA typ. 

b High A 0 l : 320,000 (110 dB) typ. 

□ Compensation with single external capacitor 

Applications: 


Ground-referenced single-supply amplifiers 
Fast sample-hold amplifiers 
Long-duration timers/monostables 
High-input-impedance comparators 

(ideal interface with digital COS/MOS) 
High-input-impedance wideband amplifiers 
Voltage followers 

(e.g., follower for single-supply D/A converter) 
Voltage regulators 

(permits control of output voltage down to zero volts) 
Peak detectors 

Single-supply full-wave precision rectifiers 
Photo-diode sensor amplifiers 


PHASE COMPENSATION TAB 



Fig. 1— Functional diagram of the CA3 130 Series. 
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MAXIMUM RATINGS, Absolute-Maximum Values 


DC SUPPLY VOLTAGE 

(BETWEEN V + AND V“ TERMINALS) 16 V 

DIFFERENTIAL-MODE INPUT VOLTAGE ±8V 

COMMON-MODE DC INPUT VOLTAGE V + to (V-0.5 V) 

INPUT-TERMINAL CURRENT 1mA 

DEVICE DISSIPATION: 

WITHOUT HEAT SINK- 

UP TO 55°C 630 mW 


ABOVE 55°C Derate linearly 6.67 mW/°C 

ELECTRICAL CHARACTERISTICS - For Equipment Design 


WITH HEAT SINK— 

AT 1 25°C 418 mW 

BELOW 125°C Increase linearly at 16.7 mW/°C 

TEMPERATURE RANGE: 

OPERATING —55 to +125°C 

STORAGE —65 to +150°C 

OUTPUT SHORT-CIRCUIT DURATION* INDEFINITE 

LEAD TEMPERATURE (DURING SOLDERING): 

AT DISTANCE 1/16 ± 1/32 INCH (1.59 ±0.79 MM) 

FROM CASE FOR 10 SECONDS MAX +265°C 

•Short circuit may be applied to ground or to either supply. 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

CA3130B 

CA3130A 

CA3130 

UNITS 

FIG. 

NO. 

V + =15 V 
V~=0V 
T A =25°C 
(Unless 
Specified 
Otherwise) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Input Offset Voltage 

l v io| 

V ± =±7.5 V 

- 

0.8 

2 

- 

2 

5 

- 

8 

15 

mV 

- 

Input Offset Current 

MBEM 

V ± =±7.5 V 

- 


El 

- 

§g 

j^j 

- 




- 

Input Current 

h 

V ± =±7.5 V 

- 

5 

20 

- 

5 

30 

- 

5 

50 

P A 

- 

Large-Signal Voltage 
Gain 

a ol 

v 0 =iov p . p 

R|_=2 k SI 

100 k 

320 k 

- 

50 k 

320 k 

- 

50 k 

320 k 

- 

V/V 

4,5 

100 

110 

- 

94 

110 

- 

94 

110 

- 

dB 

Common-Mode 
Rejection Ratio 

CMRR 


86 

100 

- 

80 

90 

- 

70 

90 

- 

dB 

- 

Common-Mode 

Input-Voltage 

Range 

V ICR 


0 

-0.5 

to 

12 

10 

0 

-0.5 

to 

12 

10 

0 

-0.5 

to 

12 

10 

V 

- 

Power-Supply 
Rejection Ratio 

AV| 0 /AV + 

V ±= ±7.5 V 

- 

32 

100 

- 

32 

150 

- 

32 

320 

juV/V 

- 

AV| 0 /AV- 

- 

32 

100 

- 

32 

150 

1 - 

32 

320 

Maximum Output 
Voltage 

V 0 M + 

R L =2 kO 

12 

13.3 

- 

12 

13.3 

- 

12 

13.3 

- 

V 

9 

V OM~ 

- 

o 

o 

o 

0.01 

- 

0.002 

0.01 

- 

CM 

o 

o 

o 

0.01 

10 

l v OM + l 

R L =oo 

14.99 

15 

- 

14.99 

15 

- 

14.99 

15 

- 

9 

l v OM“l 

- 

0 

0.01 

- 

0 

0.01 

- 

0 

0.01 

10 

Maximum Output 
Current: 

Source 

'OM + 

v 0 =o V 

12 

22 

45 

12 

22 

45 

12 

22 

45 

mA 

9 

Sink 

'OM _ 

Vq=15 V 

12 

20 

45 

12 

20 

45 

12 

20 

45 

10 

Supply Current 

l + 

V 0 =7.5 V 
r l =°° 

- 

10 

15 

- 

10 

15 

- 

10 

15 

mA 

7,8 

v 0 =o V 

r l =o ° 

- 

2 

3 

- 

2 

3 

- 

2 

3 

Input Current 

»l 

T a =— 55 

- 

Fig. 

11 

15 

— 

Fig. 

11 

— 

— 

Fig. 

11 

— 

nA 

— 

Input Offset Volt- 
age Temperature 
Drift 

av, 0 /at ' 

to 125°C 
V ± =±7.5 V* 

v 0 =iov p _ p * 
R l =2 k£2 * 

- 

5 

15 

- 

10 

- 

- 

10 

- 

pV/°C 

- 

Large-Signal Voltage 
Gain 

A OL 

50 k 

320 k 

- 

- 

320 k 

- 

- 

320 k 

- 

V/V 

5 

94 

110 

- 

- 

110 

- 

- 

110 

- 

dB 


* Applies only to Aq L . 

A Applies only to l ( and A V|q/ At. 
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TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

CA3130B 

CA3130A 

CA3130 

UNITS 

FIG. 

NO. 

V + =+7.5 V 

V - =— 7.5 V 
T A =25°C 
(Unless 
Specified 
Otherwise) 

Input Offset Voltage 

Adjustment Range 


10 k£2 across 
Terms. 4 and 5 
or 4 and 1 

±22 

±22 

±22 

mV 

- 

Input Resistance 

R l 


1.5 

1.5 

1.5 

Tft 

- 

Input Capacitance 

c l 

f = 1 MHz 

4.3 

4.3 

4.3 

pF 

- 


e n 

BW=0.2 MHz 

R s =1 MJ2* 

23 


23 


H 


f T 

c c = o 

15 

15 

15 



C c = 47pF 

4 

4 

4 


SR 

c c = o 

30 

30 

30 


■ 

Closed Loop 

C c = 56 pF 

10 

10 

10 

IB 

Transient Response: 

Rise Time 

V 

C c = 56 pF 

C L = 25 pF 

R L = 2 k ft 
(Voltage 

Follower) 






Overshoot 


10 

10 

10 

% 

m 

Settling Time (4 Vp-p Input 
to <0.1%) 

1.2 

1.2 

1.2 

/is 

15 


Although a 1-M£2 source is used for this test, the equivalent input noise remains constant for sources of Rg up to 10 Mfl, 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

CA3130B 

CA3130A 




V + = 5 V 

V“ = 0V 

T a = 25°C 
(Unless 
Specified 
Otherwise) 

Input Offset Voltage 

v IO 


1 

2 

00 


- 

Input Offset Current 

ho 


0.1 

0.1 

0.1 

pA 

- 

Input Current 

h 


2 

2 

2 

pA 

- 

Common-Mode Rejection Ratio 

CMRR 


100 

90 

80 

dB 

- 

Large-Signal 

Voltage Gain 


V 0 = 4Vp-p 

R|_ = 5 kft 

100 k 

100 k 



- . 

100 

100 

100 

dB 

- 

Common-Mode 

Input Voltage Range 

Ka 




0 to 2.8 

a 

- 

Supply Current 

\ + 


300 

300 

300 


□ 

V 0 =2.5 V,R L =°° 

500 

500 

500 

Power Supply 

Rejection Ratio 

AV| 0 /AV + 


200 

200 

200 

MV/V 

- 
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NOTE: 

DIODES D5 THROUGH D8 PROVIDE GATE-OXIDE PROTECTION 
FOR MOS/FET INPUT STAGE. 

92CL— 24714 

Fig. 2— Schematic diagram of the CA3 130 Series. 


CIRCUIT DESCRIPTION 

Fig. 3 is a block diagram of the CA3130 Series COS/MOS 
Operational Amplifiers. The input terminals may be operated 
down to 0.5 V below the negative supply rail, and the output 
can be swung very close to either supply rail in many appli- 
cations. Consequently, the CA3130 Series circuits are ideal for 
single-supply operation. Three Class A amplifier stages, having 
the individual gain capability and current consumption shown 
in Fig. 3, provide the total gain of the CA3130. A biasing 
circuit provides two potentials for common use in the first and 
second stages. Term. 8 can be used both for phase com- 
pensation and to strobe the output stage into quiescence. When 
Term. 8 is tied to the negative supply rail (Term. 4) by 
mechanical or electrical means, the output potential at Term. 6 
essentially rises to the positive supply-rail potential at Term. 7. 


This condition of essentially zero current drain in the output 
stage under the strobed "OFF" condition can only be achieved 
when the ohmic load resistance presented to the amplifier is 
very high (e.g., when the amplifier output is used to drive 
COS/MOS digital circuits in comparator applications). 

Input Stages— The circuit of the CA3130 is shown in Fig. 2. 
It consists of a differential-input stage using PMOS field-effect 
transistors (Q6, Q7) working into a mirror-pair of bipolar 
transistors (Q9, Q10) functioning as load resistors together with 
resistors R3 through R6. The mirror-pair transistors also func- 
tion as a differential-to-single-ended converter to provide base 
drive to the second-stage bipolar transistor (Q11). Offset 
nulling, when desired, can be effected by connecting a 
100,000-ohm potentiometer across Terms. 1 and 5 and the 
potentiometer slider arm to Term. 4. Cascode-connected PMOS 
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TOTAL SUPPLY VOLTAGE (FOR INDICATED VOLTAGE GAINS) » 15 V 

* WITH INPUT TERMINALS BIASED SO THAT TERM. 6 POTENTIAL 
IS +7.5 V ABOVE TERM. 4. 

* WITH OUTPUT TERMINAL DRIVEN TO EITHER SUPPLY RAIL. 

92CS- 24715 

Fig. 3— Block diagram of the CA3130 Series. 

transistors Q2, Q4 are the constant-current source for the input 
stage. The biasing circuit for the constant-current source is 
subsequently described. The small diodes D5 through D8 provide 
gate-oxide protection against high-voltage transients, e.g. 
including static electricity during handling for Q6 and. Q7. 

Second Stage— Most of the voltage gain in the CA3130 is 
provided by the second amplifier stage, consisting of bipolar 
transistor Q11 and its cascode-connected load resistance pro- 
vided by PMOS transistors Q3 and Q5. The source of bias 
potentials for these PMOS transistors is subsequently described. 
Miller-Effect compensation (roll-off) is accomplished by simply 
connecting a small capacitor between Terms. 1 and 8. A 47- 
picofarad capacitor provides sufficient compensation for stable 
unity-gain operation in most applications. 


Bias-Source Circuit— At total supply voltages, somewhat above 
8.3 volts, resistor R2 and zener diode Z1 serve to establish a 
voltage of 8.3 volts across the series-connected circuit, con- 
sisting of resistor R1, diodes D1 through D4, and PMOS 
transistor Q1. A tap at the junction of resistor R1 and diode D4 
provides a gate-bias potential of about 4.5 volts for PMOS 
transistors Q4 and Q5 with respect to Term. 7. A potential of 
about 2.2 volts is developed across diode-connected PMOS 
transistor Q1 with respect to Term. 7 to provide gate bias for 
PMOS transistors Q2 and Q3. It should be noted that Q1 is 
"mirror-connected"^ to both Q2 and Q3. Since transistors Q2 
and Q3 are twice the size of Q1, the approximate 100-micro- 
ampere current in Q1 establishes 200-microampere "mirrored" 
currents in Q2 and Q3 as constant-current sources for the first 
and second amplifier stages, respectively. 

At total supply voltages somewhat less than 8.3 volts, zener 
diode Z1 becomes non-conductive and the potential, developed 
across series-connected R1, D1-D4, and Q1, varies directly with 
variations in supply voltage. Consequently, the gate bias for 
Q4, Q5 and Q2, Q3 varies in accordance with supply-voltage 
variations. This variation results in deterioration of the power- 
supply-rejection ratio (PSRR) at total supply voltages below 
8.3 volts. Operation at total supply voltages below about 4.5 
volts results in seriously degraded performance. 

Output Stage— The output stage consists of a drain-loaded 
inverting amplifier using COS/MOS transistors operating in the 
Class A mode. When operating into very high resistance loads, 
the output can be swung within millivolts of either 
supply rail. Because the output stage is a drain-loaded ampli- 
fier, its gain is dependent upon the load impedance. The 
transfer characteristics of the output stage for a load returned 
to the negative supply rail are shown in Fig. 6. Typical op-amp 
loads are readily driven by the output stage. Because large- 
signal excursions are non-linear, requiring feedback for good 
waveform reproduction, transient delays may be encountered. 
As a voltage follower, the amplifier can achieve 0.01 per cent 
accuracy levels, including the negative supply rail. 



Fig. 4— Open-loop voltage gain and phase shift vs. frequency 
for various values of C[_, Cq, and Rj_- 



AMBIENT TEMPERATURE (T A ) — °C 

92CS-247I7 

Fig. 5— Open-loop gain vs. temperature. 


^For general information on the characteristics of COS/MOS 
transistor pairs in linear-circuit applications, see File No. 619, 
data bulletin on CA3600E "COS/MOS Transistor Array." 
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HANDLING AND OPERATING CONSIDERATIONS 
Handling Considerations 

The CA3130 uses MOS field-effect transistors in the input 
circuit. Because MOS/FET's have extremely high input resist- 
ances, they are susceptible to damage when exposed to 
extremely high static electrical charges. To minimize the 
possibilities of damaging the input stage transistors, Q6 and Q7, 
the CA3130 utilizes a protective diode network in the input 
stage. Nevertheless, it is good practice that the following 
precautions be observed during handling, testing, and actual 
operation of the CA3130 devices to minimize exposure to 
damage-inducing hazards: 

1. Soldering-iron tips, metal parts of fixtures, tools, and 
handling facilities should be grounded. 

2. Devices should not be inserted into or removed from 
circuits with the power ON because transient voltages may 
cause damage. 

3. Signals should not be applied to the input (Terms. 2 and 3) 
when the device power supply is OFF. Input-terminal 
currents should not exceed 1 mA. 

4. After CA313b devices have been mounted on circuit boards, 
proper handling precautions should still be observed if the 
input terminals are unterminated. It is good practice during 
board-processing operations to return Terms. 2 and 3 to 
Term. 4 by jumping the appropriate conductors. 

Offset Nulling 

Offset-voltage nulling is usually accomplished with a 100,000- 
ohm potentiometer connected across Terms. 1 and 5 and with 
the potentiometer slider arm connected to Term. 4. A fine 
offset-null adjustment usually can be effected with the slider 
arm positioned in the mid-point of the potentiometer's total 
range. 

Input-Current Variation with Temperature 

The input current of the CA3130 Series circuits is typically 
5 pA at 25°C. The major portion of this input current is due to 
leakage current through the gate-protective diodes in the input 
circuit. As with any semiconductor-junction device, including 
op amps with a junction-FET input stage, the leakage current 
approximately doubles for every 10°C increase in temperature. 
Fig. 11 provides data on the typical variation of input bias 
current as a function of temperature in the CA3130. 



CA3130B, CA3130A, CA3130 


In applications requiring the lowest practical input current and 
incremental increases in current because of "warm-up" effects, 
it is suggested that an appropriate heat sink be used with the 
CA3130. In addition, when "sinking" or "sourcing" significant 
output current the chip temperature increases, causing an 
increase in the input current. In such cases, heat-sinking can 
also very markedly reduce and stabilize input current variations. 

Input-Off set- Voltage (Vjq) Variation with DC Bias vs. Device 
Operating Life 

It is well known that the characteristics of a MOS/FET device 
can change slightly when a dc gate-source bias potential is 
applied to the device for extended time periods. The magnitude 
of the change is increased at high temperatures. Users of the 
CA3130 should be alert to the possible impacts of this effect if 
the application of the device involves extended operation at 
high temperatures with a significant differential dc bias 
voltage applied across Terms. 2 and 3. Fig. 12 shows typical 
data pertinent to shifts in offset voltage encountered with 
CA3130 devices during life testing. The two-volt dc differential 
voltage example represents conditions when the amplifier 
output stage is "toggled", e.g., as in comparator applications. 



Fig. 12— Typical incremental offset-voltage shift vs. operating life. 


Power-Supply Considerations 

Because the CA3130 is very useful in single-supply applications, 
it is pertinent to review some considerations relating to power- 
supply current consumption under both single and dual-supply 
service. Figs. 13a and 13b show the CA3130 connected for 
both dual- and single-supply operation. 

Dual-supply operation: When the output voltage at Term. 6 is 
zero-volts, the currents supplied by the two power supplies are 
equal. When the gate terminals of Q8 and Q12 are driven 
increasingly positive with respect to ground, current flow 
through Q12 (from the negative supply) to the load is increased 
and current flow through Q8 (from the positive supply) de- 
creases correspondingly. When the gate terminals of Q8 and 
Q12 are driven increasingly negative with respect to ground, 
current flow through Q8 is increased and current flow through 
Q12 is decreased accordingly. 
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T POSITIVE 
{ SUPPLY 



(a) DUAL POWER-SUPPLY OPERATION 


-r~3r 

"T* POSITIVE 
i SUPPLY 



92CS-24725 


Fig. 13-CA3130 output stage in dual and single power-supply operation. 


Single-supply operation: Initially, let it be assumed that the 
value of R |_ is very high (or disconnected), and that the input- 
terminal bias (Terms. 2 and 3) is such that the output 
terminal (No. 6) voltage is at V + /2, i.e., the voltage-drops 
across Q8 and Q12 are of equal magnitude. Fig. 7 shows 
typical quiescent supply-current vs. supply-voltage for the 
CA3130 operated under these conditions. Since the output 
stage is operating as a Class A amplifier, the supply-current 
will remain constant under dynamic operating conditions as 
long as the transistors are operated in the linear portion of 
their voltage-transfer characteristics (see Fig. 6). If either Q8 
or Q12 are swung out of their linear regions toward cut-off (a 
non-linear region), there will be a corresponding reduction in 
supply-current. In the extreme case, e.g., with Term. 8 swung 
down to ground potential (or tied to ground), NMOS 
transistor Q12 is completely cut off and the supply-current to 
series-connected transistors Q8, Q12 goes essentially to zero. 
The two preceding stages in the CA3130, however, continue to 
draw modest supply-current (see the lower curve in Fig. 7) 
even though the output stage is strobed off. Fig. 13a shows a 
dual-supply arrangement for the output stage that can also be 
strobed off, assuming R[_ = °°, by pulling the potential of 
Term. 8 down to that of Term. 4. 

Let it now be assumed that a load-resistance of nominal value 
(e.g., 2 kilohms) is connected between Term. 6 and ground in 
the circuit of Fig. 13b. Let it further be assumed again that the 
input-terminal bias (Terms. 2 and 3) is such that the output 


terminal (No. 6) voltage is at V + /2. Since PMOS transistor Q8 
must now supply quiescent current to both R|_ and transistor 
Q12, it should be apparent that under these conditions the 
supply-current must increase as an inverse function of the R|_ 
magnitude. Fig. 9 shows the voltage-drop across PMOS tran- 
sistor Q8 as a function of load current at several supply- 
voltages. Fig. 6 shows the voltage-transfer characteristics of the 
output stage for several values of load resistance. 


Wideband Noise 

From the standpoint of low-noise performance considerations, 
the use of the CA3130 is most advantageous in applications 
where in the source resistance of the input signal is in the order 
of 1 megohm or more. In this case, the total input-referred 
noise voltage is typically only 23 / uV when the test-circuit 
amplifier of Fig. 14 is operated at a total supply voltage of 15 
volts. This value of total input-referred noise remains essen- 
tially constant, even though the value of source resistance is 
raised by an order of magnitude. This characteristic is due to 
the fact that reactance of the input capacitance becomes a 
significant factor in shunting the source resistance. It should be 
noted, however, that for values of source resistance very much 
greater than 1 megohm, the total noise voltage generated can 
be dominated by the thermal noise contributions of both the 
feedback and source resistors. 
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+7.5 V 



Fig. 14— Test-circuit amplifier (30-dB gain) used for wideband 
noise measurements. 



Top Trace: Output 
Bottom Trace: Input 

(a) Small-signal response (50 mV/div. and 200 ns/div.) 


+ 75 V 




T op Trace: Output signal (2 V/div. and 5 pts/div.) 

Center Trace: Difference signal (5 mV/div. and 5 jus/div.) 
Bottom Trace: Input signal (2 V/div. and 5 jus/div.) 


(b) Input-output difference signal showing settling time 
(Measurement made with Tektronix 7A13 differential 
amplifier) 


92CS-24739 


Fig. 15— Split-supply voltage follower with associated waveforms. 


TYPICAL APPLICATIONS 
Voltage Followers 

Operational amplifiers with very high input resistances, like the 
CA3130, are particularly suited to service as voltage followers. 
Fig. 15 shows the circuit of a classical voltage follower, 
together with pertinent waveforms using the CA3130 in a 
split-supply configuration. 

A voltage follower, operated from a single supply, is shown in 
Fig. 16, together with related waveforms. This follower circuit 
is linear over a wide dynamic range, as illustrated by the 


reproduction of the output waveform in Fig. 16a with input- 
signal ramping. The waveforms in Fig. 16b show that the 
follower does not lose its input-to-output phase-sense, even 
though the input is being swung 7.5 volts below ground 
potential. This unique characteristic is an important attribute 
in both operational amplifier and comparator applications. 
Fig. 16b also shows the manner in which the COS/MOS output 
stage permits the output signal to swing down to the negative 
supply-rail potential (i.e., ground in the case shown). The 
digital-to-analog converter (DAC) circuit, described in the 
following section, illustrates the practical use of the CA3130 
in a single-supply voltage-follower application. 
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(a) Output-waveform with input-signal ramping To P Trace: 0ut P ut (5 V/div - and 200 ^ di ''-> 

(2 V/div. and 500 ps/div.) Bottom T race: 1 "P ut < 5 V/div - and 200 P s / div -> 

(b) Output-waveform with ground-reference sine-wave input 

92CS-24728 


+15 V 

9 



O.l pf 


92CS-24736 

Fig. 16— Single-supply voltage-follower with associated waveforms, 
(e.g. , for use in single-supply D/A converter; see Fig. 9 
in I CAN-6080). 


9-BIT COS/MOS DAC 

A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)* 
is shown in Fig. 17. This system combines the concepts of 
multiple-switch COS/MOS IC's, a low-cost ladder network of 
discrete metal-oxide-film resistors, a CA3130 op-amp con- 
nected as a follower, and an inexpensive monolithic regulator 
in a simple single power-supply arrangement. An additional 
feature of the DAC is that it is readily interfaced with COS/MOS 
input logic, e.g., 10-volt logic levels are used in the circuit of 
Fig. 17. 

The circuit uses an R/2R voltage-ladder network, with the 
output potential obtained directly by terminating the ladder 

*"Digital-to-Analog Conversion Using the RCA-CD4007A 
COS/MOS 1C,” Application Note ICAN-6080. 


arms at either the positive or the negative power-supply 
terminal. Each CD4007A contains three "inverters", each 
"inverter" functioning as a single-pole double-throw switch to 
terminate an arm of the R/2R network at either the positive 
or negative power-supply terminal. The resistor ladder is an 
assembly of one per cent tolerance metal-oxide film resistors. 
The five arms requiring the highest accuracy are assembled with 
series and parallel combinations of 806,000-ohm resistors from 
the same manufacturing lot. 

A single 15-volt supply provides a positive bus for the CA3130 
follower amplifier and feeds the CA3085 voltage regulator. 
A "scale-adjust" function is provided by the regulator output 


572 


File No. 817 


CA3130B, CA3130A, CA3130 


10 V LOGIC INPUTS 



k FOR DATA, SEE BULLETIN FILE NO. 491 
* FOR DATA, SEE BULLETIN FILE NO. 479 

92CL — 24729 


REQUIRED 

BIT RATIO- MATCH 

1 STANDARD 

2 ± 0 . 1 % 

3 ±0.27. 

4 ±0.4 7. 

5 ±0.87. 

6-9 ±17. ABS. 

ALL RESISTANCES IN OHMS 


Fig. 17— 9-bit DAC using COS/MOS digital switches and CA3130. 


control, set to a nominal 10-volt level in this system. The line- 
voltage regulation (approximately 0.2%) permits a 9-bit accu- 
racy to be maintained with variations of several volts in the 
supply. The flexibility afforded by the COS/MOS building 
blocks simplifies the design of DAC systems tailored to 
particular needs. 

Single-Supply, Absolute-Value, Ideal Full-Wave Rectifier 

The absolute-value circuit using the CA3130 is shown in Fig. 18. 
During positive excursions, the input signal is fed through the 
feedback network directly to the output. Simultaneously, the 
positive excursion of the input signal also drives the output 
terminal (No. 6) of the inverting amplifier in a negative-going 
excursion such that the 1N914 diode effectively disconnects 
the amplifier from the signal path. During a negative-going 
excursion of the input signal, the CA3130 functions as a 
normal inverting amplifier with a gain equal to — R2/R1. 
When the equality of the two equations shown in Fig. 18 is 
satisfied, the full-wave output is symmetrical. 


Peak Detectors 

Peak-detector circuits are easily implemented with the CA- 
3130, as illustrated in Fig. 19 for both the peak-positive and 
the peak-negative circuit. It should be noted that with large- 
signal inputs, the bandwidth of the peak-negative circuit is 
much less than that of the peak-positive circuit. The second 
stage of the CA3130 limits the bandwidth in this case. 
Negative-going output-signal excursion requires a positive- 
going signal excursion at the collector of transistor Q1 1, which 
is loaded by the intrinsic capacitance of the associated circuitry 
in this mode. On the other hand, during a negative-going 
signal excursion at the collector of Q1 1 , the transistor functions 
in an active "pull-down" mode so that the intrinsic capacitance 
can be discharged more expeditiously. 

Error-Amplifier in Regulated Power Supplies 

The CA3130 is an ideal choice for error-amplifier service in 
regulated power supplies since it can function as an error- 
amplifier when the regulated output voltage is required to 
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R3 = 4kn(^J-) = 6kn 


20 V p-p INPUT: BW(-3dB) = 230 kHz, DC OUTPUT (AVG.) *3.2 V 
I VOLT p -p INPUT: BW(-3dB) =130 kHz, DC OUTPUT (AVG.) -160 mV 

92CS -24730 



Top Trace: Output signal (2 V/div.) 
Bottom Trace: Input signal (10 V/div.) 
Time base on both traces: 0.2 ms/div. 
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Fig. 18— Single-supply, absolute-value, ideal full-wave 
rectifier with associated waveforms. 




(b) PEAK NEGATIVE DETECTOR CIRCUIT 


Fig. 19— Peak-detector circuits. 


92CS-2473I 


approach zero. Fig. 20 shows the schematic diagram of a 40-mA 
power-supply capable of providing regulated output voltage by 
continuous adjustment over the range from 0 to 13 volts. 
Q3 and Q4 in IC2 (a CA3086 transistor-array 1C) function as 
zeners to provide supply-voltage for the CA3130 comparator 
(IC1). Q1, Q2, and Q5 in IC2 are configured as a low imped- 
ance, temperature-compensated source of adjustable reference 
voltage for the error amplifier. Transistors Q1, Q2, Q3, and Q4 
in IC3 (another CA3086 transistor-array 1C) are connected in 
parallel as the series-pass element. Transistor Q5 in IC3 
functions as a current-limiting device by diverting base drive 
from the series-pass transistors, in accordance with the adjust- 
ment of resistor R2. 

Fig. 21 contains the schematic diagram of a regulated power- 
supply capable of providing regulated output voltage by con- 
tinuous adjustment over the range from 0.1 to 50 volts and 
currents up to 1 ampere. The error amplifier (IC1) and 
circuitry associated with IC2 function as previously described, 


although the output of IC1 is boosted by a discrete transistor 
(Q4) to provide adequate base drive for the Darlington- 
connected series-pass transistors Q1, Q2. Transistor Q3 func- 
tions in the previously described current-limiting circuit. 


Multivibrators 

The exceptionally high input resistance presented by the 
CA3130 is an attractive feature for multivibrator circuit design 
because it permits the use of timing circuits with high R/C 
ratios. The circuit diagram of a pulse generator (astable multi- 
vibrator), with provisions for independent control of the 
"on" and "off" periods, is shown in Fig. 22. Resistors R1 and 
R2are used to bias theCA3130 to the mid-point of the supply- 
voltage and R3 is the feedback resistor. 


574 



File No. 817 


CA3130B, CA3130A, CA3130 



HUM AND NOISE OUTPUT: < 25 /xV UP TO IOO kHz 


Fig. 20— Voltage regulator circuit (0 to 13 V at 40 mA). 


92CM-24732 



INPUT REGULATION: <O.OI%/V 

HUM AND NOISE OUTPUT: < 250 /xV RMS UP TO 100 kHz 

92CM-24734 

Fig. 21— Voltage regulator circuit (0.1 to 50 V at 1 A). 
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File No. 817 


Function Generator 



92CS- 24733 


Fig. 22— Pulse generator (astab/e multivibrator ) with provisions 
for independent control of "ON" and "OFF" periods. 


Fig. 23 contains the schematic diagram of a function generator 
using the CA3130 in the integrator and threshold detector 
functions. This circuit generates a triangular or square-wave 
output that can be swept over a 1,000,000:1 range (0.1 Hz to 
100 kHz) by means of a single control, R1. A voltage-control 
input is also available for remote sweep-control. 

The heart of the frequency-determining system is an opera- 
tional-transconductance-amplifier (OTA)*, IC1, operated as a 
voltage-controlled current-source. The output, Iq, is a current 
applied directly to the integrating capacitor. Cl, in the feed- 
back loop of the integrator IC2, using a CA3130, to provide 
the triangular-wave output. Potentiometer R2 is used to adjust 
the circuit for slope symmetry of positive-going and negative- 
going signal excursions. 

Another CA3130, IC3, is used as a controlled switch to set the 
excursion limits of the triangular output from the integrator 
circuit. Capacitor C2 is a "peaking adjustment" to optimize 
the high-frequency square-wave performance of the circuit. 

Potentiometer R3 is adjustable to perfect the "amplitude 
symmetry" of the square-wave output signals. Output from the 
threshold detector is fed back via resistor R4 to the input of 
I Cl so as to toggle the current source from plus to minus in 
generating the linear triangular wave. 



*See File No. 475 and ICAN-6668. 
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CA3130B, CA3130A, CA3130 


Operation with Output-Stage Power-Booster mode of CA3600E shown, a typical device consumes 20 mA of 

The current-sourcing and -sinking capability of the CA3130 SU PP'V current at 15 V operation. This arrangement boosts the 
output stage is easily supplemented to provide power-boost current-handling capability of the CA3130 output stage by 
capability. In the circuit of Fig. 24, three COS/MOS transistor- a 5°ut 2.5x. 

pairs in a single CA3600E* 1C array are shown parallel The amplifier circuit in Fig. 24 employs feedback to establish a 
connected with the output stage in the CA3130. In the Class A closed-loop gain of 48 dB. The typical large-signal bandwidth 

(—3 dB) is 50 kHz. 


+ 15 v 



TRANSISTORS pl,p2,p3 AND nl,n2.n3 ARE 
PARALLEL -CONNECTED WITH 08 AND 012, 

RESPECTIVELY, OF THE CA3I30 

92CM- 24737 

Fig. 24— COS/MOS transistor array ( CA3600E ) connected as power-booster 
in the output stage of the CA3130. 
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ro£B0D 

Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3131EM 

Preliminary Data CA3132EM 



Modified 

16-Lead Dual-in-Line 
Plastic Package With 

HeatSink H-1827 


5-Watt Audio Amplifiers 

With Integral Heat Sink 


Features: 

■ Power Output: 4 W min., 5 W typ. 

■ Complete amplifier including: preamplifier stages, 
power-output amplifier, and integral heat sink 

■ High power-supply rejection ratio 

■ Operating voltage: V + = 24 V typ. 

■ Available with internal feedback (CA3131EM) 
or without feedback (CA3132EM) 


RCA-CA3131EM and CA3132EM are audio amplifiers with 
integral preamplifier stages on single integrated-circuit mono- 
lithic chips. 

Utilizing a uniquely designed package with an integral heat 
sink, these devices can provide a power-output signal in 
excess of five watts at an ambient temperature of 25°C. 

The CA3131EM employs an internal feedback network that 
sets the over-all gain of the amplifier to typically 48 dB. 

The CA3132EM omits the internal feedback network. This 
arrangement offers the circuit designer a wide latitude in the 
choice of an external feedback network more suitable to a 
specific application. 

Both types are encapsulated in a 16-lead dual-in-line plastic 
package with 4 center leads removed. 

The CA3131EM and CA3132EM are electrically equivalent to 
and pin compatible with types SN76013 and SN76023, 
respectively. 



Fig. 1— Terminal assignment of the CA3131EM and CA3132EM. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


SUPPLY VOLTAGE, V + 28 V 

CONTINUOUS OUTPUT POWER, P 0 (with 

R l * 8 ft and V + = 24 V) .-. 8 W RMS 

MINIMUM RECOMMENDED LOAD 

IMPEDANCE. R l 8fi 

AMBIENT OPERATING TEMPERATURE, T A 

(at 6 W RMS Output Power) 70 °C 

STORAGE TEMPERATURE RANGE -55 to +150 °C 


ELECTRICAL CHARACTERISTICS at T A = 25°C, V + = 24 V 


Characteristic 

Sym- 

bol 

Conditions 

Values 

Unit 

m 

PH 

Input 

Impedance 

■ 


200k 

- 

ft 

Power Output 

Po 

At clipping onset 

■ 

■ 

W 

R l = 8ft 

LSUJLlBH 


- 

hem 

Closed-Loop 
Gain — 
CA3131EM 

H 

f = 1 kHz 

46 

48 

dB 

Supply Current 

El 

Zero signal 

- 

El 

mA 

Total 

Harmonic 

Distortion 

THD 

P 0 = 50 mW-4 W, 
R L = 8 ft 


1 

% 


■ 

■ 

% 

Noise Voltage 

1 

1 


f=20 Hz-20 kHz 

L 

1.5 

mV 

RMS 
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CA3131EM, CA3132EM 


R2 




External resistors R1 and R2 are used only with the CA3132EM. When testing the CA3131EM, 
omit R1 and R2 and connect the (+) termination of C5 to Terminal 16. 


Fig. 3— Test circuit for types CA3131 EM and CA3132EM. 
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CA3131EM, CA3132EM. 



92CS- 24974 

a. Bo ttom vie w of printed-circuit board. 



92CS-24921 

b. Component view of prin ted-circuit board - top view. 

Fig. 4— Printed-circuit board containing the test circuit, shown in Fig. 3, for the CA3131 EM. 


Determining External Component Values (Refer to Figs. 2 & 3) 
The dc quiescent output voltage is set by the voltage at Terminal 
1. This voltage, in turn, is set by the internal voltage at 
Terminal 2 less l| (input current, fixed by + Rg, for Q4). 
The voltage at Terminal 2 is set slightly above half the supply 
voltage to allow for the voltage drop across R^ + Rg. 
Filter RgC3 attenuates any ac ripple injected from the supply 
line and prevents positive feedback to Terminal 1 . The rejection 
of supply voltage is a direct function of the filter attenuation. 

The input impedance of the audio amplifiers is a function of 
the closed-loop gain and the magnitude of the Q8 current. In 
practice the input impedance is well above 1 megohm. The 
input signal, applied through C2, sees an impedance equivalent 
to the resistance of R/^ connected in parallel with the ampli- 
fier input impedance. Hence, the value of R/\ in most cases is 
dominant in establishing the input signal impedance. 

The value of Cl depends on the regulation of the power 
supply. It is possible for the amplifier to work with a value of 
Cl as low as 0.1 fiF to attenuate high-frequency signals in the 
supply line. Ideally, Cl should be placed as near Terminal 10 
as possible. An electrolytic capacitor should be used for Cl if 
the power supply is poorly regulated to avoid ripple at the 
output. 


Capacitor C6 at Terminal 15 provides over-all compensation. 
If a 1000-pF capacitor is used for C6, then the first breakpoint 
for a 46-dB closed-loop gain occurs at 200 kHz. Higher 
capacitance values will cause the constant current from Q10 
to charge C6 on the positive voltage swing and thus limit the 
slew rate at high-signal levels. Because p-n-p transistor Q19 has 
a lower gain-bandwidth product (fj) than the n-p-n transistors, 
C7 is connected to Terminal 9 to compensate for gain losses 
occurring in the negative voltage swings. 

The use of the filter networks C8 and Rq at the output 
Terminal 6 is a standard requirement for class B audio outputs 
driving reactive speaker loads. Capacitor C8 compensates for 
the speaker inductance and Rq limits the current surges 
through C8. 

The value of the coupling capacitor C9 to the load determines 
the low-frequency response of the amplifier. 

Closed-Loop Gain 

The closed-loop gain for either type is set by the ratio 
( R 1 + R2)/R1. These resistors are included in theCA3131EM 
circuit and are external when used with the CA3132EM. In 
either type, the low-frequency value (—3 dB point) is reached 
when the impedance of C5 equals the value of R 1 . 
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Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

Preliminary Data CA3134E 



16-Lead Plastic 
"Power-Stud" 

Dual-In-Line Package 

(E Suffix) H-1828 


TV Sound IF and Audio Output Subsystem 


Features: 

n Nominal power output: 3 W (with suitable heat sink) 

° Power amplifier with current limiting and thermal shutdown 
n Wide power-supply range: 12 V to 40 V (30 V nominal) 
n Low quiescent current: 30 mA typ. 

° 5-kHz deviation sensitivity: 1 W output typ. 


The RCA-CA3134E* Television Sound System is a mono- 
lithic integrated circuit which includes a multistage IF 
amplifier-limiter, an FM detector, an electronic attenuator, 
and an audio power amplifier that is designed to drive an 8-, 
16-, or 32-ohm speaker. The CA3134E is encapsulated in a 
16-lead plastic "power-stud" dual-in-line package that lends 
itself to a wide variety of techniques for mounting heat sinks. 
* Formerly Dev. No. TA6480. 


o 3-dB limiting sensitivity: 200 /iV typ. 

° Excellent AM rejection 

° Differential peak detector— requires one tuned coil 
n Electronic volume control with improved taper 
° Optional unattenuated audio output 


OPTIONAL 



Fig. 1 —Block diagram of the CA3134E in a typical circuit application. 


9-74 


581 







CA3134E 


Preliminary 


MAXIMUM RATINGS, Absolute-Maximum Values 

DC SUPPLY VOLTAGE (Between Term. 1, V + and Terms. 4, 

audio-output ground and 13, substrate) 40 V 

DEVICE DISSIPATION: 

With Infinite Heat Sink- 

Up to T a = 70°C 6.5 W 

Above T a = 70°C derate linearly 83.3 mW/°C 

With No Heat Sink- 

Up to T a = 25°C 1.4 W 

Above T a = 25 °C derate linearly 11.1 mW/°C 

THERMAL RESISTANCE (Junction to Stud) 12°C/W 

AMBIENT TEMPERATURE RANGE: 

Operating —40 to +85°C 

Storage -65 to +150°C 

LEAD TEMPERATURE (During Soldering): 

At a distance 1/16 in. ± 1/32 in. (1.59 ± 0.79 mm) 

from case for 10 seconds max +265°C 


ELECTRICAL CHARACTERISTICS 

Test Conditions: T/y = 25°C; V + = +30 V (applied to Term. 1 ); DC Volume Control, 

Rx = 500 k£2; R|_ = 16 £2; unless otherwise indicated. Refer to Fig. 1. 


CHARACTERISTIC 

SYMBOL 

SPECIAL TEST CONDITIONS 

NOMINAL 

VALUE 

UNITS 

Static Characteristics ] 

Current into Term. 1 

'1 

P 0 = 0 

30 

mA 

Dynamic Characteristics | 

IF Amplifier 

Input Limiting Voltage 
(at — 3 dB point) 

VjgOim) 

f 0 = 4.5 MHz 
f m = 400 Hz 

Af = ±25 kHz 

200 

pV 

AM Rejection 

AMR 

f 0 = 4.5 MHz, f m = 400 Hz, 

Modulation Index = 0.3, V-J 5 = 20 mV 

50 

dB 

Detector 

Recovered AF Voltage (Term. 9) 

V 0 (af) 

f 0 = 4.5 MHz, f m = 400 Hz, 

Af = ±25 kHz, V -,5 = 100 mV 

600 

mV 

Total Harmonic Distortion 

THD 

0.8 

% 

Attenuator 

Maximum Attenuation 


0 

11 

X 

cc 

75* 

dB 

Unattenuated Audio 

Recovered AF Voltage (Term. 8 ) 

V 0 (af) 

f 0 = 4.5 MHz, f m = 400 Hz, 

Af = ±25 kHz, Vt 5 = 100 mV 

—1.5# 

dB 

Total Harmonic Distortion 

THD 

0.8 

% 

Audio Power Amplifier 

Voltage Gain 

A (at) | 

f = 1 kHz 

35 , 

dB 

System Total Harmonic Distortion 

THD (System) 

P 0 = 1 W (l T = 120 mAtyp.) 

P 0 = 2 W (l T = 165 mAtyp.) 

1.5 * 

2.2 

% 

% 

Power Output 

Po 

THD (System) = 10% 

3.0* 

W 

Input Resistance 

R | (af ) 

f = 1 kHz 

100 

k ft 


* With suitable heat sink. 

* The attenuation range can be increased by substituting lower-valued resistors for the 10-kft resistor in the volume-control circuit. 

* With respect to recovered AF voltage at Terminal 9 and volume control, Rx# at maximum resistance position. 
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Preliminary 


CA3134E 


OPERATING CONSIDERATIONS 


Power measurements were taken with a tin-plated copper- 
strap-type heat sink attached to the CA3134E. The heat sink, 
1/32-inch thick, 1/4-inch wide, 1-7/8-inch long, is "U" shaped 
and has a 0.107-inch mounting hole to accept the stud on the 
1C package. The strap was also attached to the top side of the 
plastic package with epoxy cement to minimize stress on the 
stud during the mounting and handling operation. The torque, 
applied to the stud, should be limited to less than 3 in.-lbs. 


The applied tensile stress should be limited to less than 15 
pounds and the compression stress should be limited to less 
than 100 pounds. Conductive epoxy (such as Dupont 5504A) 
was used for the interface between the stud and the heat sink; 
whereas non-conductive epoxy (such as Uniset Structural 
Adhesive) was used to attach the heat sink to the plastic 
package. The assembly when soldered to a 3-inch by 4-inch PC 
board has a typical over-all thermal resistance (^stud to Amb.) 
of 20°C/W. 
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File No. 630 


OUCBZ/D 

Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3401E 


Quad Single-Supply 
Operational Amplifier 

For Automotive Electronics and Industrial Control Systems 

Features: 

■ Single-supply operation — +5Vto+18Vdc 

■ Internally compensated 

■ Wide unity-gain bandwidth — 5MHztyp. 

■ Low input bias current — 50 nA typ. 

■ High open-loop gain — 2000 V/V typ. 

RCA-CA3401E* is a high-gain monolithic quad operational 
amplifier designed specifically for applications using a single 
positive power supply. No external compensation is necessary. 

Closed-loop stability in each of the four independent ampli- 
fiers is maintained by a 3-pF on-chip capacitor. The CA3401E 
is ideally suited for applications in industrial control systems, 
automotive electronics, and general-purpose amplifiers, e.g., 
oscillators, tachometers, active filters, and multichannel ampli- 
fiers. The CA3401E is supplied in a 14-lead dual-in-line 
plastic package and operates over a temperature range of 
—55 to 125°C. It is a direct replacement for the Motorola 
MC3401P, is pin-compatible with the Motorola MC3301P, and 
pin compatible with the National Semiconductor LM3900N. 

* Formerly RCA Dev. No. TA6306. 


Applications: 

■ Automotive 

■ Constant-Current Sources 

■ Multivibrators 

■ Sample and Hold 

■ Square-Wave Generator 

■ Oscillators 

■ Tachometers 

■ Active Filters 

■ Multi-Channel Amplifiers 

■ Summing Amplifiers 



14-Lead Dual-ln-Line 
Plastic Package 

H-1517 


MAXIMUM RATINGS, Absolute-Maximum Values at T A =25°C 

DC Supply Voltage 

+18 V 

Input Signal Current 

5 mA 

Device Dissipation: 


Up to T A = 25°C 

625 mW 

Above T a = 25°C 

Derate linearly 5 mW/°C 

Ambient Temperature Range: 


Operating 

—55 to +125°C 

Storage 

-65 to +150°C 

Lead Temperature (During soldering): 


At distance 1/16±1/32 inch 


(1.59±0.79 mm) from case 


for 10 seconds max 

300 °C 



Fig. 1— Block diagram of CA3401E. 
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File No. 630 


CA3401E 


ELECTRICAL CHARACTERISTICS AT T A = 25°C, V + = 15 V (UNLESS INDICATED OTHERWISE) 


UNITS 




















C A 3401 E 


File No. 630 


TEST CIRCUITS 


CA340IE>-^> 


1 

i) Ido^dg 

1 

d-H 

Ll 


^ |c4M^> 0- 


AMPLIFIER MUST BE BIASED 
BY V| IN THE LINEAR OPERATING 
REGION 


Fig.3 — Open-loop gain and input resistance, input bias current and 
output current test circuit. 


I Qt IS TOTAL QUIESCENT CURRENT WITH 
INPUT OPEN. 

Xq 2 is total quiescent current with 

"+" INPUT GROUNDED. 

92CS-2I638 

Fig. 4 — Quiescent power supply current test circuit. 


10 K fl 

+1 VQ-AAAr-Q. 



V 0H MEASURED WITH - INPUT GROUNDED 

V ft , MEASURED WITH INPUT BIASED AS SHOWN 



Fig. 5 — Output voltage swing test circuit. 


9ZCS-2I640 

Fig. 6 - Peak-to-peak output voltage test circuit. 


TYPICAL CHARACTERISTIC CURVES 


AMBIENT TEMPERATURE (T A )«25*C 
SUPPLY VOLTAGE (V* )» 15 V 
LOAD RESISTANCE (R L )» 5Kft 
FOR TEST CIRCUIT SEE FIGURE 3 


Z 4 6 01 Z <1 60' Z 4 6 0 1 Z 4 6 0' Z 4 1 

2 I0 3 I0 4 I0 5 I0 6 

FREQUENCY ( t )— Hz 

92CS-2 1641 

Fig. 7 — Open-loop voltage gain vs. frequency. 
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FREQUENCY (f ) — Hz 


Fig. 8 - Output resistance vs. frequency. 
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CA3401E 



SUPPLY VOLTAGE (V*) — V 

92CS-2I643 

Fig. 9 — Open-loop voltage gain vs. supply voltage. 



Fig. 10 — Supply current vs. supply voltage. 



SUPPLY VOLTAGE (V*) — V 

92CS- 2164 5 

Fig. 11 — Source current vs. supply voltage. 


1.5 

AMBIENT TEMPERATURE (T A ) «25 e C 
LOAD RESISTANCE { R j_) * 5 Kfl 

: 








■ 

a 


i 








| 

B 


F 

DR 

T 

E£ 

T 

CIF 

ICl 

IT 

SE 

E 

FI 

Gl 

JR 

E 










i 

t 



iSj 

■■ 

■ 1 

IB 

■ 

IBI 

IBI 

IBI 

IBI 

IB 

Bl 

IB 



IBI 

IB 


B 

Bl 

Bl 

r. 



■ 

IB 



■■1 



IB 

B 

IBI 

IBI 











B 


!! 

B 



Si 




:: 



t 


n 






















:: 





IBI 













1 









:: 


■ 1 



IBI 










IB 

r Al 

IB 

m 









■■i 


■ 1 



IBI 









ir.4 

IB 



m 





■1 
















Bl 

1*1 

.mi 

IB 

Bl 

IB 

m 

B 

B 

IBI 

!S 

■■ 

■■ 

■ 

cr 

cr 














IBI 













3 













I 














Z 0.5 













I 














CO 













“ 



























“ 



























- 



























I 




I 























- 










































0 5 10 15 20 

SUPPL¥ VOLTAGE (V + ) — V 

92CS-2I646 


Fig. 12 — Sink current vs. supply voltage. 
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File No. 619 



Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 

CA3600E 



14- Lead 
dual-in-line 
plastic 
package 


COS/MOS Transistor Array 

For Linear Circuit Applications 
Applications: 

■ High input impedance, general-purpose amplifiers 

■ Pre-amplifiers 

■ Differential amplifiers 

■ Op-amps and comparators 

■ Constant-current sources and current mirrors 

■ Micropower amplifiers and oscillators 

■ Control of lamps, LED's, relays, and thyristors 

■ Timers 

■ Choppers 

■ Mixers 


RCA-CA3600E is an array of COmplementary-Symmetry MOS 
Field-Effect Transistors* on a monolithic silicon substrate. It is 
comprised of three n-channel and three p-channel enhancement- 
type MOS transistors arrayed as shown in Fig. 1,and specified 
and tested .for linear circuit operation. These transistors are 
uniquely suitable for service in complementary-symmetry 
circuits at supply voltages in the range of 3 to 1 5 volts and are 
useful at frequencies up to 5 MHz (untuned). Each transistor 
in the CA3600E can conduct currents up to 10 mA. 
This device is supplied in the 14-lead dual-in-line plastic 
package. 


Formerly RCA Dev. No. TA6368. 

*The theory and construction of COS/MOS transistors are described in the 
"RCA COS/MOS Integrated Circuits Manual," RCA Solid State Division 
Technical Series Publication No. CMS-271 . 



Fig. 1 - Schematic diagram for CA3600E COS/MOS transistor array. 
(See Fig.34 for internal gate-and-channel-protection circuits) 


Features: 

■ High input resistance 100 GH (typ.) 

■ Low gate-terminal current . . . . 10 pA (typ.) 

■ Matched p-channel pair: 


Gate-voltage differential (Iq =-100 juA) ±20 mV (max.) 

■ No "Popcorn" (burst) noise 

■ Stable transfer characteristics over an 
operating temperature range of -55°C to +125°C 
when operated in complementary circuit configuration 
at supply voltages in the 5 to 15 volt range (see Fig. 14) 

■ Integrated integral gate-protection system (see Fig. 34) 

■ High voltage gain (see Fig. 11). . . up to 53 dB (typ.) 

per COS/MOS stage 

■ Individual MOS transistors have square-law characteristics, 

superior cross-modulation performance, and greater 
dynamic range than bipolar transistors 


1. Drain terminal, p-channel of pair no. 2 

2. Source terminal, p-channel of pair no. 2 

3. Common gate terminal of pair no. 2 

4. Source terminal, n-channel of pair no. 2 

5. Drain terminal, n-channel of pair no. 2 

6. Common gate terminal of pair no. 1 

7. Source terminal, n-channel of pair no. 1 
and substrate connection for 

all n-channel transistors - - - Vgg terminal 

8. Drain terminal, n-channel of pair no. 1 

9. Source terminal, n-channel of pair no. 3 

10. Common gate terminal of pair no. 3 

11. Source terminal, p-channel of pair no. 3 

12. Common drain terminal of pair no. 3 

13. Drain terminal, p-channel of pair no. 1 

14. Source terminal, p-channel of pair no. 1 
and substrate connection for 

all p-channel transistors - - - Vqq terminal 


Terminal Identification for Fig. 1. 
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File No. 619 


CA3600E 


MAXIMUM RATINGS, Absolute-Maximum Values at T A =25°C 


DISSIPATION: 

Any one transistor at T^ up to 55°C 150 mW 

Total package at T^ up to 55°C 750 mW 

Above = 55°C derate linearly 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating — 55to+125°C 

Storage — 65to+150°C 

LEAD TEMPERATURE (During Soldering) 

At distance not less than 1 /1 6" ± 1 /32" { 1 .59 ± 0.79 mm) 

from case for 10 s max 265°C 

The Following Ratings Apply for Each Transistor in the Device: 

DRAIN-TO-SOURCE VOLTAGE, V DS : 

n-channel +15 V 

p-channel —15 V 

DRAIN-TO-GATE VOLTAGE, V DQ : 

n-channel +15 V 

p-channel —15 V 

SOURCE-TO-SUBSTRATE VOLTAGE, V SB : 

n-channel +15 V 

p-channel —15 V 

GATE-TO-SOURCE VOLTAGE, V GS : 

p-channel transistors (p-j , P2, P3) 0 V(min.),— V^fmax.) 

n-channel transistors (n-j , n2, 03) 0 V(min.),+V[)(max.) 

COS/MOS transistor-pairs (p-j-n-j , P2-n2, P3-n3> 0 V(min.),+V0Q(max.) 

DRAIN CURRENT, |l D | 10mA 

GATE CURRENT, |l G | 100 /xA 

The Following Rating Applies for Each COS/MOS Transistor-Pair in the Device: 

DC SUPPLY VOLTAGE (V DD -V ss ) +15V* 


Rules for Maintaining Electrical Isolation Between Transistors and Monolithic Substrate 

Terminal No. 14 must be maintained at the most positive potential (or equally positive potential) with respect to any other 
terminal in the CA3600E. 

Terminal No. 7 must be maintained at the most negative potential (or equally negative potential) with respect to any other 
terminal in the CA3600E. 

Violation of these rules will result in improper transistor operation, circuit "latching," and/or possible permanent damage 
to the CA3600E. 

Note: Users should observe the "Considerations in Handling CA3600E Devices", discussed on pages 599 and 600. 
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CA3600E File No. 619 


ELECTRICAL CHARACTERISTICS, At T A =25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

TYPICAL 
CURVE OR 
CIRCUIT 
FIG. NO. 

LIMITS 

UNIT 

Min. 

Typ. 

Max. 

| For Each p-Channel MOS Transistor | 

Drain Current 

■d 

V D s=-1°V,Vgs=- 3 .6V 

2,3,4 

-0.5 

-1.1 

-2.0 

mA 

Gate-to-Source Threshold Voltage 

V GS(th) 

I d =-10mA 

- 

- 

-1.75 

- 

V 

Gate-to-Source Voltage 

Differential (p 1 vs. P 2 ) 

| V GS1“ V GS2| 

l D =— 100 mA,V ds =-10 V 

5 

- 

±4 

±20 

mV 

Forward Transconductance 

9fs 

lp=-1 mA,f=1 kHz 

6 

- 

920 

- 

fjtm ho 
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Fig. 8— Drain-to-source cutoff current vs. ambient temperature. 


Fig.9 — Typical Vqq vs. ! qq characteristics for amplifier circuits 
APPLICATIONS of Fig. 10 and Fig. 15. 


The Basic COS/MOS Linear Amplifier 

P-n-p and n-p-n bipolar transistors have been used for many 
years in the design of so-called "true-complementary” linear 
amplifier circuits V Since mutually compatible p-channel and 
n-channel MOS/FET devices were not generally available, 
"true-complementary" amplifier circuits using MOS transistors 
were seldom used. Now, COS/MOS transistor technology^ has 
made it possible to supply compatible p-channel/n-channel 
transistors in monolithic 1C form such as the CA3600E 
COS/MOS transistor array shown in Fig. 1. 



Fig. 10— COS/MOS transistor-pair biased for linear-mode operation. 


A "True-Complementary" Linear Amplifier Using COS/MOS 
Transistors 

Fig. 10 shows the schematic diagram of a single-stage "true- 
complementary" linear amplifier using one pair of the com- 
plementary MOS transistors in the CA3600E, connected in a 
common-source circuit. Resistor Rb is used to bias the 
complementary pair for Class A operation, as described 
subsequently, and R s represents the source resistance of the 



Fig. 1 1— Typical voltage gain vs. frequency characteristics for 
amplifier circuit of Fig. 10. 


signal source. This generic amplifier is suitable for operation 
with a single or split voltage supply in the range of 3 to 15 
volts. Fig. 1 1 shows voltage gain as a function of operating 
frequency at various supply voltages for the single-stage 
amplifier. This amplifier is capable of producing very high 
output-swing voltages (V out ); for example, its output voltages 
can be swung to within several millivolts of either supply-voltage 
"rail". Fig. 9 shows typical supply voltage (Vq^) vs. supply 
current (I DD^ characteristics for the single-stage amplifier. The 
curves in Fig. 12 show the normalized amplifier supply current 
as a function of ambient temperature at various supply voltages. 
When the amplifier is operating at Vpp = 3 V, the supply cur- 
rent changes rapidly as a function of temperature because the 
MOS transistors are operating in the proximity of their 
individual gate-source threshold voltages. 
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Fig. 12— Normalized amplifier supply current vs. ambient temperature 
characteristics for amplifier circuit of Fig. 10. 


linear operation, i.e., Class A amplifier service. When the 
signal input-voltage level (V in ) becomes very large, the output 
signal (V out ) waveforms become distorted because the tran- 
sistors are driven into the non-linear portions of their voltage- 
transfer characteristics. If the positive-going input-signal is 
sufficiently large, for example, the p-channel transistor can be 
driven to cutoff and the amplifier supply current (Iqd) is 
reduced to essentially zero. 

Fig. 14 shows typical voltage-transfer characteristics of each 
COS/MOS pair in the CA3600E at several values of Vqq. The 
shape of these transfer characteristics is comparatively constant 
despite temperature changes from —55 to +125°C. 

The biasing arrangement used in the circuit of Fig. 10 provides 
an easy method of establishing feedback for ac signals in 
accordance with the R b /R s ratio. When the feedback of ac 
signals is not desirable, the circuit of Fig. 15 may be used. 
The ac bypass capacitor (C3) minimizes ac signal feedback. 


Voltage-Transfer Characteristics 

Fig. 13 illustrates a voltage-transfer characteristic curve of a 
COS/MOS transistor pair connected in the amplifier circuit of 
Fig. 10, with a biasing resistor (R b ) connected between the 
drain and gate terminals (10,12). If the p-and n-channel tran- 
sistors have identical characteristics, their channel resistances 
are equal, and the biasing method shown establishes a steady - 



INPUT VOLTAGE (V| N 1 — V 
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Fig. 13 — Representation of voltage-transfer characteristics for 
COS/MOS transistor pair. 

state condition such that terminal 12 is at mid-potential 
between Vqq and ground. Thus, with negligibly small gate- 
source leakage resistances, under zero-signal conditions, the 
biasing resistor (R b ) establishes gate potential at the mid-point 
between Vqq and ground, i.e., Vj n = V out . Under these 
conditions the amplifier is biased for operation about the 
mid-point ("0") in the linear segment on the steep transition 
of the voltage-transfer characteristic as shown in Fig. 13. 
When the input signal ( Vj n ) swings in the positive direction, 
there is a reduction in the instantaneous output voltage (V out ) 
with respect to ground. Negative-going input signals have 
inverse effects. Thus, phase-inversion occurs in the COS/MOS- 
pair amplifier. Power-supply current is constant during dynamic 



INPUT VOLTAGE (V| N 1 — V 
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Fig. 14- Voltage transfer characteristics for COS/MOS transistor-pair 
amplifier in Fig. 10. 



Fig. 15— Alternate method of biasing COS/MOS transistor-pair for 
linear-mode operation. 
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Cascading Amplifier Stages of COS/MOS Transistor Pairs 

Ultra-high-gain amplifiers can be designed by cascading stages 
of COS/MOS transistor pairs as shown in Fig. 16. The 
biasing system used is similar to that described above in 
connection with Fig. 10. The supply current for the three- 
stage amplifier shown in Fig. 16 is typically three times the 
values shown in Fig. 9. Gain and frequency-response charac- 
teristics of the amplifier are shown in Fig. 17. 



92CS-2I534 

Fig. 16— High-gain amplifier uses cascaded COS/MOS transistor-pair 
in CA3600E. 
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Fig. 17- Typical voltage gain vs. operating frequency characteristics 
for three-stage COS/MOS transistor-pair amplifier in Fig. 16. 

Post- Amplifiers For Op-Amps 

COS/MOS transistor-pairs can be advantageously applied as 
post-amplifiers for op-amps. Because the input impedance of 
the COS/MOS pair is comparatively high, the op-amp operates 
under essentially unloaded conditions. Each COS/MOS pair 
can sink and source output current up to about 10 mA. 
Additionally, the op-amp output can be directly coupled to 
bias the COS/MOS pair. A detailed description of the subject 
has been published previously .2 

The schematic diagram in Fig. 18 shows a COS/MOS transistor- 
pair serving as a post -amplifier to an RCA-CA3080 Operational 
Transconductance Amplifier.** The approximate 30-dB gain in 


a single COS/MOS transistor-pair is an added increment to the 
100-dB gain in the CA3080, yielding a total forward gain of 
about 130 dB. The open-loop slew rate of the circuit in Fig. 19 
is approximately 65 V//is. When compensated for the unity- 
gain voltage-follower mode shown in Fig. 19, the slew rate is 
about 1 V/jtxs. For greater current output, the two remaining 
transistor pairs of the CA3600E may be connected in parallel 
with the single stages shown in Figs. 18 and 19. 


The use of the two-stage COS/MOS post-amplifier shown in 
Fig. 20 increases the total open-loop gain of the system to 
about 160 dB (100,000,000X). Open-loop slew rate remains at 
about 65 V//is. A slew rate of about 1 V/fis is maintained with 
this circuit connected in the unity-gain voltage-follower mode, 
as shown in Fig. 21. These circuits operate in concert with 
stability. 



Fig. 18- COS/MOS transistor-pair used as post-amplifier to op-amp in 
open -loop circuit. 



Fig. 19— COS/MOS transistor-pair used as post-amplifier to op-amp 
in unity-gain circuit. 
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Fig. 20— COS/MOS transistor-pairs used as two-stage post-amplifier to 
op-amp in open-loop circuit. 


r A^Annr 



Fig. 21— Unity-gain amplifier uses COS/MOS transistor-pairs as 
two-stage post-amplifier to op-amp. 

Multivibrators, Threshold Detectors, and Comparators 

Descriptions of several circuits using COS/MOS transistor- 
pairs in both monostable and astable multivibrators have been 
published. 4 *^ The characteristics of COS/MOS pairs are also 
ideal for mating with micropower op-amps in circuits such as 
the precision multistable circuits shown in Fig. 22. In these 
circuits precise timing and thresholds are assured by the stable 
characteristics of the input differential amplifier in the CA3080 
Operational Transconductance Amplifier. ^*3 Moreover, speed 
vs. power consumption tradeoffs can be made by adjustment 
of the Amplifier-Bias-Current (I/\bc^ supplied to terminal 5 of 
the CA3080. The quiescent power consumption of the circuits 
shown in Fig. 22 is typically 6 mW, but can be made to operate 
in the micropower region by suitable modifications. 



Fig. 22— Multistable circuits using COS/MOS transistor-pairs. 


The schematic diagram of a programmable micropower com- 
parator, shown in Fig. 23 employs the combination of an 
op-amp (CA3080A) and COS/MOS transistor-pairs in the 
CA3600E. Quiescent power consumption of the circuit is 
about 10 /iW(typ.). When the comparator is strobed "ON”, 
transistor PI is driven into conduction and the OTA becomes 
active. Under these conditions, the circuit consumes 420 /iW 
and responds to a differential-input signal in about 8 /is. 
By suitably biasing the CA3080A, the circuit response time 
can be decreased to about 150 ns but the power consumption 
is increased to 21 mW. The differential amplifier input 
common-mode range for this circuit is —1 V to +10.5 V. 
Voltage gain of this micropower comparator is typically 130dB. 
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Operational Amplifiers 

COS/MOS transistor-pairs can be used in conjunction with a 
bipolar transistor-array 1C to build an op-amp as shown in 
Fig. 24. It is particularly suited for single-supply operation 
(e.g., mobile and aircraft service). The op-amp is unique in 
that it is responsive to small-signal ground-referenced inputs 
and the output stage can easily be driven within 1 mV of 
ground potential. Its open-loop gain characteristics are shown 
in Fig. 25; the open-loop slew rate is approximately 30 V/jUS. 



This circuit is ideal for use as a unity -gain voltage-follower and 
has been described for operation in connection with a 9-Bit 
Single-Supply Digital-to-Analog Converter (DAC) using 
COS/MOS transistors in the resistor-network switches.® 

The op-amp in Fig. 24 has three stages; its first stage is a 
differential input circuit using two p-channel transistors 
(P 4 -P 5 ) ' n a CA3600E. The second stage is an n-p-n 



Fig. 24— Operational amplifier using COS/MOS transistor-pairs. 
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transistor (Q5) and the output stage is a COS/MOS tran- 
sistor-pair ^3^3) operating in the manner described above. 
A constant current of about 400 /liA is established in the 
differential input stage by the zener network in the upper- 
left portion of Fig. 24. The zener network energizes a 
current mirror comprised of two p-channel transistors 
(Pi ,P2> to establish constant-current flow in the differential 
amplifier stage (P^Ps). The drain load for the differential 
amplifier consists of resistors R-|— ffyanda current mirror 
(Q3 Q4) to optimize conditions for balanced operation of the 
differential amplifier. The operating theory of current-mirror 
circuits has been described in reference 2. Amplifier voltage- 
offset is nulled with the 10-kilohm balance potentiometer. 
The second-stage current is established by R5, and is selected 
to approximate the first-stage current level (400 /iA), to assure 
similar positive and negative slew rates. The amplifier is 
shown driving a 2-kilohm load, a typical value used with 
monolithic op-amps. Voltage gain varies inversely with the 
choice of load resistance. 

The amplifier can be compensated with a single capacitor 
(C 1 ) , connected as shown by the dotted lines. However, 
optimum compensation for the unity-gain non-inverting mode 
is provided by two capacitors: Miller Effect feedback through 
a 39-pF capacitor C-| (connected as shown), and a 300-pF 
capacitor connected between terminals 7 and 13 of the 
CA3046 transistor array to shunt one-half the driving current. 
Fig. 25 shows the open-loop gain characteristics with com- 
pensation for unity-gain operation. When the amplifier is 
operated as a voltage-follower, it is recommended that a 
1-kilohm resistor, shunted with a 150-pF capacitor, be 
connected between the ampl ifier output terminal and terminal 6 
of P5 to avoid a potential latch situation involving the integral 
gate-protection network. The circuit can also be latched if 
either input terminal is driven rflore than about 0.7 volt 
below ground potential. This latch situation can be avoided by 
connecting a 1N914 diode from each input terminal to ground, 
with the diode anode grounded. 

Analog Timer 

The CA3600E is useful in the design of analog timer circuits. 
A typical circuit is shown in Fig. 26. For purposes of ex- 
planation, let it be assumed that capacitor C-j initially is in a 
completely discharged condition; terminal 10, therefore, is 
initially at ground potential and transistor N3 is non- 
conductive. The circuitry at the left of terminal 10 provides a 
source of constant-current flow through P-| to charge capa- 
citor increasingly positive with respect to ground. After the 
passage of time (T), capacitor is charged sufficiently in the 
positive direction so that transistor N3 is driven into con- 
duction by its gate and the lamp is lighted to signify the end of 
the time-delay period. The circuit is reset by momentarily 
closing switch S-j to discharge capacitor through R4. 
Resistor-divider network R-|,R2 establishes the supply voltage 
to a constant-current network comprised of resistor R3 and 
the series-connected COS/MOS pair N2,P2» biased for linear 
operation by resistor Rj-, as' previously described. This com- 
bination is connected to the gate terminal (No. 6) of 


transistor P-j to form a current mirror, i.e., the current flowing 
through P-j to charge C-j will be essentially equal to the 
constant-current flow established through R3, N2, and P2. 
A description of current-mirrbr operation with MOS tran- 
sistors is given subsequently. 



(TIME DELAY = 60 MINUTES, WITH CIRCUIT VALUES SHOWN) 


Fig. 26— Analog timer using CA3600E. 

Oscillator Circuits 

Oscillator circuits using COS/MOS transistor-pairs have been 
widely used for several years in clock and watch circuits 
because of their low power consumption and good frequency 
stability. Details of their operating theory and characteristics 
have been published.^/? 

The design of COS/MOS oscillator circuits, like the design of 
any oscillator circuit, involves the provision of an amplifying 
section to operate compatibly with an appropriate feedback 
network. A single stage amplifier using a COS/MOS transistor- 
pair has already been described. A suitable feedback network 
to insure stable oscillator performance is easily added, as 
illustrated in connection with the crystal oscillator circuit 
shown in Fig. 27. The familiar pi-network has been connected 
between the input and output terminals, points "D" and "G", 
to provide the required 180° phase shift for stable oscillator 
performance. The frequency-determining crystal is an integral 
part of the pi-network feedback circuit. The resistors R-j and 
R2 decrease the total power consumption of the oscillator at a 
particular supply voltage and enhance the frequency stability. 
Variable frequency oscillators can be built by replacing the 
crystal with an appropriate inductance and tuning the pi- 
network by conventional means. 


Current Mirrors Using MOS Transistors 

Monolithic linear IC's using bipolar transistors frequently 
employ so-called "current-mirror” circuits. The theory and 
practical applications of current mirrors using bipolar tran- 
sistors have been described in the literature. ^ As shown in 
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Fig. 27- Typical crystal-oscillator circuit using COS/M OS 
transistor-pair ( 1/3 CA3600E). 


Fig. 28, a rudimentary form of "current-mirror" consists of a 
transistor Q-j with a second transistor C&2 connected as a diode. 
When both transistors have identical characteristics, a 
current l-j forced to flow through Q2 produces a current (I2) 
of equal magnitude to flow in the collector of Q-| (provided 
there is sufficient collector potential for Q-j). In a common 
form of application, a source of potential is used to force 


11 12 



Fig. 28— Current mirror using n-p-n bipolar transistors. 

constant-current flow 1^, and thus to establish the flow of 
constant current I2 through Q-j. Arrangements of this generic 
current-mirror type are frequently used when Q-j acts as the 
common-emitter impedance in a differential-amplifier circuit. 

MOS transistors are also applicable as current mirrors, as shown 
in Fig. 29. The diode-connected MOS transistor N2 functions 
as a transistor with 100 per-cent feedback. Therefore, the 
gate-to-source voltage (V^g) in N2 retains control of the drain 
current as in normal transistor action, i.e., Ip = gf s V(3g 
where gf s is the forward transconductance of the device. If a 
current l-j is forced into the diode-connected transistor (N2), 
the gate-to-source voltage will rise until equilibrium is reached. 
Thus, a gate-to-source voltage is established in N2 such that N2 
"sinks" the applied current lj. 


11 12 



92CS- 21463 


Fig. 29— Current mirror using n-channel MOS transistors. 

If the gate and source terminals of another transistor (N-j) are 
connected in shunt with the gate and source terminals of N2, 
as shown in Fig. 29, N-j is also able to "sink" a mirror current 
approximately equal to that flowing in the drain lead of the 
diode-connected transistor N2. It is assumed that both MOS 
transistors have identical characteristics, a prerequisite that is 
essentially established by the monolithic 1C fabrication techno- 
logy used in manufacturing the CA3600E COS/MOS transistor 
array. 



Current mirrors can also be designed with p-channel MOS 
transistors as illustrated by the arrangement in Fig. 30 using 
transistors in the CA3600E. The characteristics of a current 
mirror using, the p-channel transistors in the CA3600E are 
superior to those which can be achieved with a current mirror 
using the n-channel transistors because the characteristics of 
the p-channel transistors are more nearly matched. The data 



Fig. 31- Characteristics of current mirror circuit of Fig. 30 using 
p-channel transistors. 
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contained in Fig. 31 show the high degree of tracking between 
l-j and I2 for several values of drain voltage Vq. Fig. 32 also 
illustrates the fact that this high degree of tracking between 
l-j and I2 can be maintained to within about one per-cent 
despite wide variations in ambient temperature. 



92CS-2I533 

Fig. 32- Normalized drain current ratio vs. ambient temperature for 
typical current mirror using p-channel transistors (Fig. 30). 

The op-amp circuit in Fig. 24 contains an illustrative example 
of a current-mirror circuit using two p-channel transistors in 
the CA3600E. Transistor P2 serves as a constant-current source 
(s£ 400 )X A) for the differential amplifier, consisting of tran- 
sistors P4 and P5 and their drain-load network. Transistor P2 
is in a "mirrored" connection with transistor P-j. A stabilized 
source of supply potential is developed across the zener diode 
(terminals 1 1 and 12 of the CA3083) and drives about 400 pA 
of current through Rg and P-j. 

Complementary Current Mirrors Using COS/MOS Transistor- 
Pairs 

COS/MOS transistor-pairs can be applied advantageously in 
the design of Complementary Current-Mirrors, as shown in 
Fig. 33. Transistors Pj and Nj are series-connected and biased 
for linear operation as previously described, so that there is a 
current flow Iq-j through P-j and Nj . The potential developed 
between terminals 13 and 14 is applied as gate-source (2,3) 
voltage for P2, forcing "mirror" operation of P2 to produce a 
current source IQ2-P ec l ual to l D1- L' kewise . the potential 
developed between terminals 7 and 8 is applied as gate-source 
(3,4) voltage for N2 forcing "mirror" operation of N2 to 
produce a current-sink IQ2-N to Iq-j. 

A variant of this complementary current mirror is used in the 
analog timer circuit shown in Fig. 26. Transistors P2 and N2 
are series-connected together with a 60-megohm resistor to 
establish their drain current at 5 nA. The potential developed 
across terminals 1 and 2 also appears as the gate-source voltage 
for transistor P-j , thereby establishing a mirror-current source 
of 5 nA at terminal 13 to charge capacitor linearily. In this 
circuit, the "mirrored" current-sink available at terminal 8 
(transistor N-j) is unused. This type of current-mirror con- 
figuration is exceptionally stable with temperature variations. 
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Fig. 33— Complementary current mirrors using COS/MOS 
transistor-pairs in CA3600E. 



Fig. 34— Integral protection circuits used in CA3600E. 

Considerations in Handling CA3600E Devices 

Failure of the gate-channel oxide was a persistent problem in 
early MOS devices. The breakdown of the oxide is generally in 
the order of 100 volts, and the dc resistance is in the order of 
10^2 ohms. Because of this extremely high resistance, even a 
very-low-energy source (such as static charge) is capable of 
developing sufficient voltage to cause damage. Furthermore, 
the oxide can be punctured and damaged by a single voltage 
excursion beyond the breakdown limit. 

Fig. 34 shows a protection circuit®*® which is incorporated at 
each gate-lead of the CA3600E. A typical value of 1 to 3 
kilohms is used for the input resistor R, which functions in 
combination with the capacitance of the gate and the 
associated protective diode to integrate and clamp input volt- 
ages to a safe level. This circuit also shows the "substrate 
diodes" (D3, D4, and Dg) which provide protection to the MOS 
channels at the output terminals. 

Although the gate-protection system is very effective in 
guarding against damage due to static charges, it is prudent to 
observe the following precautions:®*® 

1. The leads of devices should be in contact with a 
conductive material, except when being tested or in 
actual operation. A conductive material such as 
"ECCOSORB LD26"*or equivalent is suggested for use 
during storage and/or handling. Devices should not be 
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inserted in non-conductive containers such as con- 
ventional plastic "snow" or trays. 

Trade Mark: Emerson and Cumming, Inc. 

2. Soldering-iron tips, metal parts of fixtures and tools, and 
handling facilities should be grounded. 

3. Devices should not be inserted into or removed from 
circuits with the power on because transient voltages may 
cause permanent damage. 

4. Signals from low-impedance sources should not be 

applied to the gate terminals while the power supply is 
off. As a corollary, it follows that the power supply 
should not be turned off while a signal from a low- 
impedance source is being applied to any gate terminal. 
When the supply is off, the positive "back-bias" 

voltage is removed from the cathode of diode D 2 
(see Fig. 34). Consequently, an input signal with positive- 
going polarity can drive D 2 into conduction. Under 
these conditions a low-impedance signal source can 
provide sufficient current to permanently damage D 2 
and/or melt aluminum interconnection paths. Therefore, 
if, in any system design using the CA3600E, any gate 
input excursion is expected to exceed +Vqq or fall 
below — Vgg, the current through the input diodes 
should be limited to 100 /iA. 


5. All unused gate-input terminals should be connected to 
Vgg (ground). When source terminals (e.g.. Nos. 2 and 11) 
of p-channel transistors are unused in circuitry, they 
should be connected to terminal No. 14. Likewise, when 
source terminals (e.g., Nos. 4 and 9) of n-channel 
transistors are unused, they should be connected to 
terminal No. 7. 

6. After CA3600E units have been mounted on circuit 
boards, proper handling precautions should still be 
observed. Until these subassemblies are inserted into a 
complete system, the board is no more than an extension 
of the device leads mounted on the board. It is a good 
practice to place conductive tape or jumpers on circuit- 
board terminals to "ground" gate terminals. 

7. In some applications of the CA3600E separate positive 
and negative power supplies may be employed (e.g., see 
Fig. 22). In such applications provisions must be made so 
that the positive supply voltage is applied prior to the 
application of negative supply voltage and vice versa on 
shutdown. This precaution is necessary to avoid possible 
damage due to "latching" involving the substrate and 
protective diode circuits. 


REFERENCES 

1. "RCA Solid State Power Circuits Designer's Handbook," 
RCA Solid State Division Technical Series SP-52. 

2. "Applications of the CA3080 and CA3080A High-Perform- 
ance Operational Transconductance Amplifiers," RCA Solid 
State Division Application Note ICAN-6668. 

3. Technical Bulletin for RCA Types CA3080 and CA3080A, 
File No. 475 RCA Solid State Division! 

4. "Astable and Monostable Oscillators Using RCA COS/MOS 
Digital Integrated Circuits," RCA Solid State Division 
Application Note ICAN-6267. 

5. "COS/MOS Integrated Circuits Manual," RCA Solid State 
Division Technical Series CMS-271. 

6. "Digital-to-Analog Conversion Using the RCA-CD4007A 
COS/MOS 1C," RCA Solid State Division Application Note 
ICAN-6080. 

7. "Timekeeping Advances Through COS/MOS Technology," 
RCA Solid State Division Application Note ICAN-6086. 

8. "Gate-Oxide Protection Circuit in RCA COS/MOS Digital 
Integrated Circuits," RCA Solid State Division Application 
Note ICAN-6218. 

9. "Handling Considerations for MOS Integrated Circuits," 
RCA Solid State Division Application Note ICAN-6000. 


600 



□UOBZJD 

Linear Integrated 

Circuits 

Solid State 

Division 

Preliminary Data 

CA3724G 

CA3725G 


High-Current N-P-N Transistor Arrays 

Four Individual Sealed-Junction High-Current N-P-N Transistors 
Features: 

a High Current — 1 A 
■ High Breakdown Voltage: 

CA3725G = 80 V dc min. V(bR)CES 

@ 1 q= 10 fiA 

CA3724G = 70 V dc min. V(br)CES 
@ l c = 10 mA 
bi Fast Switching Speeds: 

t on = 30 ns typ.@ Iq = 500 mA 
t 0 ff = 36 ns typ. @ Iq = 500 mA 

The RCA-CA3724G and -CA3725G are high-current n-p-n 
transistor arrays each containing 4 individual sealed-junction 
high-current n-p-n transistors. They are intended for high- 
current, high-speed switching and driver applications. 

These devices are alike except for breakdown voltage ratings. 

The CA3724G and CA3725G are supplied in a 14-lead dual-in- 
line plastic package and operate over the full military tem- 
perature range of — 55°C to +125°C. The transistor chips used 
in these packages are of the sealed-junction type to provide 
protection against the deteriorating effects of humidity and 
other surface contaminants without the need for a hermetic 
package enclosure. 

The semiconductor junctions are sealed by utilizing a silicon 
nitride passivation layer. A multi-layered, highly corrosion- 
resistant, terminal-connection system of unique design is 
employed. 



92CS-24299 

Fig. 1— Terminal diagram (top view). 


■ "Hermetic Chip" Construction 
b Silicon Nitride Passivated 

■ Platinum Silicide Ohmic Contacts 
b Gold Chip-Metallization 

b Electrically similar and pin compatible 

with industry types MPQ3724, MPQ3725; 
FPQ3724, FPQ3725; DH3724, DH3725; 
SP3724, SP3725 in similar packages 


Applications: 

■ Core-Memory Driver 

■ High-Speed Switching 

■ High-Current LED Driver 
° High-Voltage Switching 

■ Relay and Solenoid Driver 

■ Lamp Driver 
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CA3724G, CA3725G 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25°C 


COLLECTOR-TO-EMITTER VOLTAGE 
With Base Open 

V CEO 

COLLECTOR-TO-BASE VOLTAGE 

With Emitter Open 

V CBO 

EMITTER-TO-BASE VOLTAGE 

With Collector Open 

V EBO 

COLLECTOR CURRENT 

'c 

POWER DISSIPATION: 

At T A up to 25°C: 

P D 


For Each Transistor 

Total Package 

At T a above 25°C derate linearly 
AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/32” (3.17 mm) from 
seating plane for 10 s max. 


CA3724G 

CA3725G 


40 

50 

V 

70 

80 

V 

6 

6 

V 

1.0 

1.0 

A 

1.0 

1.0 

W 

2.0 

2.0 

W 

20 


mW/°C 

-55 to +125 

-55 to +125 

°C 

-65 to +150 

-65 to +150 

°C 

300 

300 

°C 


ELECTRICAL CHARACTERISTICS AT T A = 25°C 





Limits 


Characteristic 

Symbol 

Test Conditions 

CA3724G 

CA3725G 

Units 








EB 



Collector-to-Emitter Sustaining Voltage * 

v CE0< sus ) 

Iq = 10 mA, l B = 0 

a 

- 

- 


- 

- 

EE 

Collector-to-Emitter Breakdown Voltage 

V (BR)CES 

>C = 10 A/ A, lg = 0 

El 

- 

- 

m 

- 

- 

Z] 

Collector-to-Base Breakdown Voltage 

v (BR)CBO 

l c = 10 pA, l E = 0 

El 

B 

- 

m 

- 

- 

a 

Emitter-to-Base Breakdown Voltage 

v (BR)EBO 

l E = 10 pA, l c = 0 

6 

- 

- 

6 

- 

- 

■ 

Base-to-Emitter Saturation Voltage * 

V BE (sat) 

Iq = 500 mA, lg = 50 mA 


- 

m 


- 

m 

EM 

Collector-to-Emitter Saturation Voltage * 

V CE (sat) 

Iq = 500 mA, lg = 50 mA 

- 

- 

Qg 

- 

- 


ZJ 

Collector-Cutoff Current 

•CBO 

V C g=40 V,l E = 0 

- 

- 

IB 

- 

- 

KO 


Static Forward-Current Transfer # 

h FE 

l c = 100 mA, V CE = 1.0 V 

35 

B 

B 

35 

B 

B 

■■■ 

Ratio (Beta) 


l c = 500 mA, V CE = 1.0 V 

30 

m 


30 


m 

B 



I C =1A ,V CE = 1.0V 

20 

B 

B 

20 

B 

B 

B 

Small-Signal Forward-Current 

h fe 

l c = 50 mA, V CE = 10 V 


B 

B 

AM 

B 

B 


Transfer Ratio 


f = 100 MHz 

ME 

B 

■ 

B 

■ 

B 



Turn-On Time (See Test Ckt. Fig. 2) 

'on 

Iq = 500 mA, Ig-j =50 mA 

- 


m 

- 

- 

G9 

EB 

Turn-Off Time (See Test Ckt. Fig. 2) 

'off 

Iq = 500 mA, 

H 


EM 

B 

B 

EM 

EM 



I B 1 = l B2 = 50 mA 

■ 


B 

B 

B 


■ 

Emitter-to-Base Capacitance 

^eb 

I C = 0,V EB = 0.5V 



B 

_ 


- 

IB 

Collector-to-Base Capacitance 

^cb 

l E = 0, v CB = 10 V 


m 

- 

- 

B 


ZJ 


* Pulse Conditions: width = 300 ps; duty cycle =1% 
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CA3724G, CA3725G 
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Solid State 
Division 


File No. 592 

Linear Integrated Circuits 

Monolithic Silicon 

Premium Types CA6078AS, CA6078AT 

CA6741S, CA6741T 



8-LEAD TO-5 
with Dual-ln-Line 
Formed Leads 

H-1787 



8-LEAD 

TO-5 

H-1528 


Operational Amplifiers 

CA6078AT — Micropower Type 
CA6741T — General-Purpose Type 

For Applications where Low Noise 
(Burst + 1/f) is a Prime Requirement 

Virtually free from "popcorn” (burst) noise: 

device rejected if any noise burst exceeds 20 //V (peak), 

referred to input over a 30-second time period. 


RCA-CA6078AT and CA6741T* are low-noise linear 1C 
operational amplifiers that are virtually free of "popcorn" 
(burst) noise. 

These low-noise versions of the CA3078AT and CA3741T 
are a result of improved processing developments and rigid 
burst-noise inspection criteria, A highly selective test circuit 
(See Fig. 2) assures that each type meets the rigid low-noise 
standards shown in the data section. This low-burst-noise 
property also assures excellent performance throughout the 
1/f noise spectrum. 

In addition the CA6078AT and CA6741T offer the same 
features incorporated in the CA3078AT and CA3741T 
respectively, including output short-circuit protection, 
latch-free operation, wide common-mode and differential- 
mode signal ranges, and low-offset nulling capability. 


For detailed data, characteristics curves, schematic diagram, 
dimensional outline, and test circuits, refer to the Opera- 
tional Amplifier Data Bulletins File No. 531 and 535. In 
addition, for details of considerations in burst-noise 
measurements, refer to Application Note, ICAN-6732, 
"Measurement of Burst ("Popcorn") Noise in Linear IC's". 
The CA6078AT and CA6741T utilize the hermetically sealed 
8-lead TO-5 type package. The CA6078AT and the CA6741T 
can also be supplied on request with dualrin-line formed 
leads. These types are identified as the CA6078AS ^nd 
CA6741S. This formed-lead configuration conforms to that 
of the 8-lead dual-in-line (Mini— Dip) package. For terminal 
arrangements, see page 4. 

^Formerly Dev. No. TA5807X and TA6029 respectively. 



4 IS CONNECTED TO CASE 
92CS-20297' 


CA6741T 

Applications: 

■ Low-noise AC amplifier 

■ Narrow-band or band-pass filter 

■ Integrator or differentiator 

■ DC amplifier 

■ Summing amplifier 


Features: 

■ Internal phase compensation 

■ Input bias current: 500 nA max. 

■ Input offset current: 200 nA max. 

■ Open-loop voltage gain: 50,000 (94 dB) min. 

■ Input offset voltage: 5 mV max. 


top view CA6078AT 

Applications: 

■ Portable electronics 
output 9 Medical electronics 

■ DC amplifier 

■ Narrow-band or band-pass filter 
set ■ Integrator or differentiator 

■ Instrumentation 

note : pin 4 is connected to case B Telemetry 

Features: 9ZCS ~ 20298 ■ Summing amplifier 

■ Open-loop voltage gain: 40,000 (92 dB) min. 

■ Input offset voltage:3.5 mV max. 

■ Operates with low total supply voltage: 

1.5 V min. (± 0.75 V) 

■ Low quiescent operating current: 
adjustable for application optimization 

■ Input bias current: adjustable to below 1 nA 
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CA6078AT, CA6741T 


MAXIMUM RATINGS, Absolute-Maximum Values at Ta=25°C 

DC Supply Voltage (between V + and V - terminals) 

Differential-Mode Input Voltage 

Common-Mode DC Input Voltage* 

Device Dissipation: 

Up to 75°C (CA6741T), Up to 125° (CA6078AT) 

Above 75°C 

Temperature Range: 

Operating 

Storage 

Output Short-Circuit Duration* 

Lead Temperature (During soldering): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) 

from case for 10 seconds max 


CA6741T 

CA6078AT 

44 V 

36 V 

±30 V 

±6 V 

±15 V 

V+ to V- 

500 mW 

250 mW 

Derate linearly 5 mW/°C 


-55 to +125 °C 

-55 to +125 °C 

-65 to +1 50 °C 

-65 to +150 °C 

No limitation 

No limitation 

300 °C 

300 °C 


A lf Supply Voltage is less than ±15 volts, the Absolute Maximum Input Voltage is equal to the Supply Voltage. 
*Short circuit may be applied to ground or to either supply. 


o 







TIME— lOms/DIV. 

92CS-20299 


a. Typ. device with high-burst-noise charac- 
teristic. 


£0 


T 




TIME — 20ms/DIV. 


b. Typ. device controlled for burst noise. 


Fig. 1— Typ. waveforms of type 
controlled for burst noise. 


with high burst noise and type 



R51 a Rs 2 «IOOkfl FOR CA674IT AND 200kfl FOR CA6078AT 
X- CA674IT OR CA6078AT 92CS-I9423 


Fig.2— Block diagram of burst-noise " 'popcorn " test equipment. 
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CA6078AT, CA6741T 
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ELECTRICAL CHARACTERISTICS - CA6078AT, For Equipment Design. 


CHARACTERISTICS 



TEST CONDITIONS 


LIMITS 



SYMBOLS 

Supply Volts: V+ - 6, V“ » -6 
T A »250C, Iq* 20/i A 

MIN. 

TYP. 

MAX. 

UNITS 


Noise Characteristic 


"Popcorn" 
(Burst) Noise 


Bandwidth = 1 kHz 
RSI = RS2 - 200 kft 


Device is rejected if the total noise voltage 
(burst + 1/f), referred to input, exceeds 
20 mV peak, during a 30-sec. test period. 


0.7 

3.5 

0.5 

2.5 


Principal Characteristics (For detailed Electrical Characteristics refer to CA3078AT Data Bulletin, File No. 535.) 


Input Offset Voltage 


Input Offset Current 
Input Bias Current 


Open- Loop 
Differential 
Voltage Gain 


Common-Mode Input Voltage Range 


Common-Mode Rejection Ratio 


Output Voltage Swing 


Supply Current 




ELECTRICAL CHARACTERISTICS - CA6741T, For Equipment Design. 


CHARACTERISTICS 


Noise Characteristic 


"Popcorn" 
(Burst) Noise 


TEST CONDITIONS 

SYMBOLS Su pp| y Vo lts; v + = 15, V~ = -15 
Ta = 25°C 


Bandwidth = 1 kHz 
RSI = RS2 “ 100 k£2 



Device isrejected if the total noisevoltage 
(burst + 1/f), referred to input, exceeds 
20 mV peak, during a 30-sec. test period 


Principal Characteristics (For detailed Electrical Characteristics refer to CA3741T Data Bulletin, File No. 531.) 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Open- Loop 
Differential 
Voltage Gain 


Common-Mode Input Voltage Range 


Common-Mode Rejection Ratio 


Output Voltage Swing 


Supply Current 
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CA6078AT, CA6741T 



FREQUENCY (f) Hi 


92CS -20260 


In 100 

5 . 

SUPPLY VOLTAGE: V*»6V,V»-6V 1 
AMBIENT TEMPERATURE (T A )«25 # C 
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FREQUENCY (f) Hi 


Fig.8—1/^ vs. Frequency for CA6078A T. 


Fig. 4— Eft vs. Frequency for CA6078AT. 




Fig. 5 -/ n vs. Frequency for CA6741T. 


Fig.6—E/g vs. Frequency for CA6741T. 



ENT(IN): TOTAL NOISE VOLTAGET, REFERRED TO INPUT 

(READING OBTAINED WITH QUAN-TECH METER) 

92CS-20264 



ENT (IN): TOTAL NOISE VOLTAGE, REFERRED TO INPUT 
{ READING OBTAINED WITH QUAN-TECH METER) 


92CS- 20265 


Fig. 7— Test block diagram for Efg. 


Fig. 8— Test block diagram for l/g. 
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□UGBZ/D 

Solid State 
Division 


Digital Integrated Circuits 


CD2500E 

CD2501E 

CD2502E 

CD2503E 


BCD to 7-Segment 
Decoder-Drivers MonolitKic sui„„ 


RCA CD2500E series 7-Segment Decoder-Drivers are 
monolithic MSI integrated circuits which decode BCD 
(8-4-2-1 code) inputs to 7-line outputs representing a de- 
cimal number from 0 to 9 on 7-segment incandescent dis- 
play devices. 

RCA CD2500EandCD2501E are 30 mA per-output-line 
devices designed for use with incandescent display de- 
vices such as the RCA DR2000 and DR2010. The 
CD2500E, in addition to the outputs for the 7-segment 
display device, has a decimal point output; the CD250 IE 
also has a special-feature, a terminal to provide for rip- 
ple blanking output and intensity control input. The rip- 
ple blanking output blanks out all non-significant zeroes 
in the numerical display. The ripple blanking output ter- 
minal is also available for use as an intensity control 
input from an external variable pulse-width control source, 
as shown in Fig. 7. 

RCA CD2502E and CD2503E are 80 mA-peMine ver- 
sions of the CD2500E and CD2501E, respectively, and 
are designed for use with high-current lamps and relays. 

RCA CD2500E series devices are supplied in 16-lead 
dual in-line plastic packages which can be used over the 
operating temperature range of 0°C to + 75° C. 


30mA and 80mA/Segment 
DECODER-DRIVERS 
For Dse With 
Low-Voltage Digital 
Display Devices, 

Lamps, and Relays 



DPg - Decimal Point Output 
DP| - Decimal Point Input 

DP| must be supplied from an 
external source 
CD2500E and CD2502E per- 
form the inverter-driver funct- 
ion necessary to energize the 
decimal point filament in the 
display device. 


n'6 n 15 n 14 n 13 n 12 n» n 10 n*> 



uru 2 uro* Lis" u 6 urce 

C L/ T D P 0 OPj 0 A GND 


92SS-4I77 

Fig. 1-CD2500E and CD2S02E (with decimal point) 


FEATURES: 

• High current sinking capability 
for direct display driving 

• Intensity control provision 

• BCD inputs are compatible with commercially avail- 
able DTL & TTL devices 

• Lamp test provision 

• 5 V power supply 

• Clamp diodes on all inputs 

• Lamp supply up to +8 volts 

• Ripple blanking capability 

• Decimal point output 

• Over-range detection (automatic blanking of display 
device when BCD input > 9) 


V CC f g o b c d • 

n'6 n 15 n 14 n 13 n 12 n 11 n 10 n- 

RBg = Ripple-Blanking Output \ 

& Intensity Control Input r 
RB| = Ripple-Blanking Input 

Ui U 2 Us LU U 5 U 6 U 7 Ue 

B C L/ t RBo RBI 0 A GND 

92CS -IS6ZI 

Fig. 2 - CD250IE and CD2503E (with ripple blanking 
and intensity control provision) 
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CD2500E— CD2503E 


ABSOLUTE MAXIMUM RATINGS at 25° C unless otherwise specified: 


Power Supply Voltage: 

Continuous (0°C to + 75° C) - 0.5 to + 5.5 V 

Pulsed (duration 1 second) - 0.5 to + 8 V 

Input Voltage - 0.5 to + 5.5 V 

Output Voltage (open collector transistor) . . - 0.5 to + 8 V 

Operating Temperature Range 0°C to + 75°C 

Storage Temperature Range - 65 °C to + 150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 


ELECTRICAL CHARACTERISTICS at Ambient Temperature (T^) Indicated 


Input High Voltage 
(Logic 1) 


Input Low Voltage 
(Logic 0) 


Input Forward 
Current 


Input Reverse 
Current 


Output Low Voltage 


MEASUREMENT 

TERMINALS 


1,2, 5,6, 8.7 

V 'H 7“ 

V|L 1.2, 5,6.4 7 

3 

1, 2, 5,6, 8. 7 
~ I CD2501E 

( CD2503E 

C02500E 

CD2502E 

' IL 1,2, 5, 6, 8.7 

~~ / CD2501E 


Output High Voltage 


Input Capacitance 


Power Supply 
Current Drain 


TEST 

CONDITIONS 


Input high threshold voltage 
V CC = 4.75 V, l |H =0 
Ground all other inputs 

Input low threshold voltage 


f CD2500E 
hru 15 < 

( CD2501E 

j 4 of CD2500E 


Terminal 3 V cc = 4.75 V 
only 


V cc = 5.25 V V R = 4.5 V 
Terminal 3 

grounded V R = 2*4 V 

V cc = 4.75 V 
l 0L = 30 mA 

V cc = 5.25, l 0L = 3.2 mA 
V cc = 4.75, l 0L = 2.82 mA 


9 thru 15 

\ CD2503E 

V CC = 4.75 V 

and 4 of 

CD2502E 

Iql = 80mA 

9 thru 15 

-All types 


and 4 of 

( CD2500E 

V CC = 5V 

( CD2502E 

< 

o 

o 

X 

_o 


4-CD2501E, CD2503E 
1, 2, 5,6, 8.7 

CD2501E 


V CC ~ 4.75 V, l QH = - 240^ A 
V CC = 5.0 V 

_____ — 

( Segment Output Currents =0) 
Terminal 3 Grounded 



609 





















CD2500E— CD2503E 


File No. 392 




For Terminal 4 of CD2501E and CD2503E. 

Transistor Q is '*tumed on" when BCD code equals 0 and 
Terminal 5 is at "0 Level" (Grounded). When BCD code is 
between 0 and 9, transistor Q is "open". Diode A and trans- 
istor are "open" when BCD code is > 9. 

Fig. 4 - Equivalent output circuits 



92SS-4I69 


Fig . 5 -Equivalent input circuit for terminals 1 , 2 , 
5,6*7 
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• Resistor pull-up output T 2 L, DTL, or RTL inverter. 


* Suppression of the non-significant zeroes (at both extremes 
of the display) is accomplished by grounding the RBj terminal 
of the devices associated with the most significant digit of the 
whole part of the number displayed and the least significant digJt 
of the fractional portion of that number. 


Fig . 7 - Typical ripple blanking and intensify control application diagram using RCA CD2501E 
and display devices DR2000 or equivalents (See Table A) 


TABLE A 


DISPLAY 

DEVICE 

TYPE 

TYPE 

OF 

DISPLAY 

CHARACTERISTICS 

DR2000 

1 1 

Required Driving Current = 

1 1 

24 ± 2mA per segment 

DR2010 

1 1 
x l_l 

0.6” Letter height 



BCD-INPUTS 


92CS-I575I 

Fig. 8 -Typical decimal point feature application 
diagram using RCA CD2500E and RCA display 
device DR20I0 (or equivalent) 
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OUCBZJD 

Solid State 
Division 


Linear Integrated Circuits 

Monolithic Silicon 
CA741L CA3018L CA3045L CA3083L 

CA3015L CA3028AL CA3Q49L CA3084L 
CA3039L CA3054L CA3085L 


Beam-Lead Devices for 
Hybrid Circuit Applications 

■ Transistor Arrays ■ Differential Amplifiers 

■ Diode Arrays ■ Operational Amplifiers 

■ Voltage Regulators 

Features 

Assembly 

n Simplified repairability 
n Use of non-hermetic packages possible 
n Silicon nitride passivated 

■ Platinum silicide ohmic contacts 

“ Batch handling of chips, batch bonding of beam leads and 
external lead connections 

The beam-lead sealed-junction integrated circuits described in 
this bulletin are .fabricated by a technology which involves 
the utilization of a passivated layer to seal delicate semicon- 
ductor junctions and a multilayered interconnection system 
of unique design which is stable, highly corrosion-resistant, 
and readily bondable for attachment to a'' suitable substrate 
containing thick or thin film wiring. 


n Precious metal interconnection metallization 
o Precious metal beam leads 

□ Broad beam leads make interconnect paths less critical; 
bonds easier to inspect, and defective chips easier to 
replace 

b Batch fabrication techniques provide devices with high 
reliability at lowest possible cost. 



Beam Lead identifies a structure in which gold beam leads 
are extended over the semiconductor chip edges as cantilever 
beams. Sealed Junction indicates that the integrated circuit 
chip is completely protected from the deteriorating effects of 
humidity and other surface contaminants without the need 
for a hermetic package enclosure. 

General Considerations 

Conventional 1C technology has made very substantial 
contributions to the reliability of solid-state electronics 
despite the fact that the conventional 1C chip is non-hermetic 
and employs an aluminum-film interconnection system. 
These considerations have forced the use of hermetic 
packages or elaborate bulky plastic packages to guard the 
integrated circuit chip against even modest amounts of 
humidity. In addition, connection to the aluminum metalli- 
zation on the chip is customarily accomplished by the use of 
tiny wires. The reliability of these wired connections to the 
chip and its* external tlrcdit is : dependent on human skill afiid 
accur&dy to<4^onsrdeirable=extent. 

The: culmination of continuing research and development in 
the quest for LC's having greater *reljabi I ity, has Jed to the 
development of sealed-junction technology for LC fahcica- 
tion Tne beam-lead, sealed-junction device is a truly 
hermetic 1C chip whig.h is imperyious to the deteriorating 


Performance 

■ Exceptional reliability results from use of sealed-junction 
beam-lead technology 
n Inspectable bonds 

a Low-stress, high-strength bonds achieved 
n Reliable operation over full military temperature range 
— 55°C to +125°C 

effects of moisture and other potential contaminants. Fur- 
thermore, circuit interconnections on and to the chip are 
accomplished by the use of gold conductors to further 
enhance reliability. The precious -metal interconnection 
system on the chip, which is integral with the chip, is, in 
turn, connected to tiny gold beams (0.003" x 0.006" x 
0.0005") which extend over the edge of the chip to serve as 
leads to external circuit paths and components. 
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Beam Lead Devices 
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The beam lead integrated circuit chip with its gold leads has 
ideal mechanical characteristics for use in connection with 
automated handling methods of attachment to film type 
wiring on a suitable substrate thus making it possible to 
achieve a higher order of reliability in the interconnection 
system than has been achieved heretofore. 

A brief resume of the manufacturing process used in 
producing beam lead IC's is included in the APPENDIX 
following the OPERATING CONSIDERATIONS. 

OPERATING CONSIDERATIONS 

When a beam lead device is being bonded to a substrate, 
certain minimal precautions (listed below), with reference to 
pattern screening must be taken to prevent stress that can 
result in breakage, or separation of the conductor paths: 

1) Do not mount components within the outside dimension 
of the bonding tool. 

2) Do not use any cross-over or insulation within this 
dimension. 

3) Do not use any resistor terminations within this 
dimension. 

4) Use individual pads for bonding leads wherever feasible. 

As in any design, adequate cooling must be considered. 
Temperature rise in a beam-lead device, when mounted in a 
particular assembly is a direct result of the dissipation within 
the device, the distribution of other heat sources within the 


assembly, and the ability of the assembly to dissipate the 
total heat generated. 

Specific factors which govern the heat flow within such 
assemblies are: 

1. Beam-lead width and thickness 

2. Number of beam leads 

3. Thermal characteristics of the substrate 

4. Thermal characteristics of the ambient surrounding the 
beam-lead device. 

Because of these factors it is, therefore, impractical to 
specify thermal ratings for beam-lead device assemblies. In 
consideration of these factors, it is recommended that the 
chip temperature be checked by direct measurement to avoid 
exceeding a maximum chip junction temperature of 150°C. 

TERMINAL LAYOUT DIAGRAMS 

RCA beam lead devices will normally be designed utilizing 
the outline shown in Fig. 1 viewed with the metallization 
down. 

The resistance values included on the schematic diagrams are 
typical values and have been supplied as a convenience to 
assist Equipment Manufacturers in optimizing the selection 
of "outboard" components of equipment designs. 

RCA reserves the right to make any changes in the resistance 
values provided such changes do not adversely affect the 
published performance characteristics of the device. 


APPENDIX 


Beam-Lead Manufacturing Processes 

An integral passivation layer of silicon nitride protects the 
beam-lead device from the deteriorating effects of both 
moisture and contaminants. Low-resistance ohmic contacts 
to the device junctions are made with platinum silicide 
which is an extremely stable, non-corrosive intermetallic 
compound. Gold is used for both the chip interconnections 
and for the cantilevered beams because it provides high 
conductivity, is corrosion-resistant, and is readily bondable 
to a wide variety of substrates and materials. This combina- 
tipn of metallurgically stable components offers the user a 
chip structure having excellent reliability as compared with 


the performance of aluminum metallization used in conven- 
tional 1C designs. 

As indicated in the preceding paragraphs, beam-lead tech- 
nology encompasses a passivating (sealant) layer, a multi- 
layered metal system, and uniquely designed metallization. 
The metallization consists of a contact of platinum silicide 
and a layered structure of titanium, platinum, and gold. The 
metallized pattern which is brought out to the grid, and the 
subsequent processing are designed to produce a chip in 
which the attaching leads extend over the edge of the chip. 
The processing procedure involves the removal of the silicon 
and the oxide in the grid to leave the beams cantilevered over 
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Beam Lead Devices 


SIDE D 



SYMBOL 

14-LEAD 

VARIATIONS 

16-LEAD 

VARIATIONS 

18-LEAD 

VARIATIONS 

22-LEAD 

VARIATIONS 


HTTTsnrem 

BnmagM 




mnmim 




EES 

E2ES 

Ml 

MAX. 

EDJS 


IM 

MAX. 

EQ21 


UJ3 

EH3 

d,Mi:w 


llfl'Nl 



A 

.002 

.010 

.051 

.254 

.002. 

.010 

.051 

.254 

.002 

.010 

.051 

.254 

.002 

.010 

.051 

.254 


B 

.0020 

.0045 

.0510 

.1140 

.0020 

.0045 

.0510 

.1140 

.0020 

.0045 

.0510 

.1140 

.0020 

.0045 

.0510 

.1140 

5 

C 

.0004 

.0006 

.0102 

.0152 

.0004 

.0006 

.0102 

.0152 

.0004 

.0006 

.0102 

.0152 

.0004 

.0006 

.0102 

.0152 


D 

- 

.045 

- 

1.14 

- 

.045 

- 

1.14 


.055 


1.39 

- 

.065 

- 

1.65 


E 


.035 

- 

.889 

- 

.045 

- 

1.14 

- 

.045 


1.14 • 

- 

.055 

. -■ 

1.39 


e 

,010 TP 

.2540TP 

.010 TP 

.254 

TP 

.010 TP 

.254 

TP 

.010 TP 

.254 TP 

4 

eA 

.0025TP 

.0635TP 

.0075TP 

.191 

TP 

.0075TP 

. 1 905TP 

.002.5TP 

.0635TP 

2,4. 

e B 

.007 5TP 

.1905TP 

.0075TP 

.191 

TP 

.0025TP 

.0635TP 

.0075TP 

.1905TP 

; 2.4 

e C 

.0025TP 

.0635TP 

.0075TP 

.191 

TP 

.0075TF- 

.1905TP 

.0025TP 

.0635TP . 

2,4 

e D 

.0075TP 

.1905TP 

.0075TP 

.191 

TP 

.0025TP 

.0635TP 

.0075TP 

.1905TP 

2.4 

H 

.042 

.049 

1.07 

1.25 

.052 

.059 

1.321 

1.498 

.052 

.059 

1.32 

1.49 

.062 

.069 

1.58 

1.75 


Hi 

.052 

.059 

1.32 

1.49 

;052 

.059 

1.321 

1.498 

.062 . 

.069 

1.58 

1.75 

.072 

.079 

. 1.83 

2.00 


L 

.0035 

.0070 

.0889 

.1770 

.0035 

.0070 

.0889 

.1770 

.0035 

.0070 

.0889 

.1770 

.0035 

.0070 

.0889 

.1770 


Z 

,035Bsc 

,889Bsc 

.045Bsc 

1.143 Bsc 

.045Bsc 

1 14 Bsc 

.055 

Bsc 

1.3S 

Bsc 

4 

Zi 

.045Bsc 

1.14Bsc 

,045Bsc 

1.143 Bsc 

.055Bsc 

1 39 Bsc 

.065Bsc 

1.65Bsc 

4 

isr 

14 

14 

16 

16 

18 

18 

22 

22 

6 

n a 


3 


3 


4 


4 


A 


4 


5 



3 

nb 


4 


4 


4 


4 


5 


5 


6 

6 

3 

Nc 


3 


3 


4 


4 


4 


4 


5 



3 

Nq 


4 


4 


4 


4 


5 


5 


6 

• 

3 


NOTES 

1. Refer to Rules for Dimensioning Peripheral Lead Outlines. 

2. e A is basic distance from centerline of Z to centerline of first 
adjacent counter-clockwise beam position, e B is basic distance 
from centerline of first adjacent counter-clockwise beam position, 
etc. Beam position located by e A . e B etc. lies at beam pattern if 
N a etc. odd; at first counter-clockwise beam position from pattern 
if N a etc. even. 

3. N a is the maximum quantity of lead positions on side "A", N B on 
side "B" etc. Picture represents case where N = 22, N A = Nq = E> 
and N b =Nq= 6. Applicable number of lead positions, both on 
each side and total, are as tabulated for each variation. 


4. Leads shall be held within .001 total of True Position (TP) at Leas* 
Material Condition (LMC) and within .002 total of TP at 
Maximum Material Condition (MMC). Both location requirements 
to be checked at Z and Zj limits. 

5. Number one lead position is counter-clockwise end lead position 
on a side of minimum width. This index lead shall be distinctively 
marked if existing; if not existing the first clockwise lead shall be 
so marked. Any projection shall not extend more than .002" over 
B maximum nor any notch less than .001 under B minimum. 

6. N is the maximum quantity of lead positions. 


Fig. 1— Terminal layout for all beam-lead devices. See data bulletins for specific information on individual devices. 
Millimeter dimensions in chart above and shown in parentheses on the terminal layouts for each beam- 
lead type are derived from the basic inch dimensions as indicated. 
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the edge of the chip and available for easy attachment to a 
package or substrates. 

RCA's beam lead technology consists of the following 
processes: 

a) deposition of silicon nitride 

b) contact openings 

c) deposition and formation of conducting paths (contacts 
and interconnections) 

d) circuit separation 

e) bonding 

A brief description of these processes follows, 
deposition of silicon nitride 

Silicon nitride which functions as the passivating (sealant) 
layer is deposited over the surface of the wafer following the 
diffusion and oxidation steps required to form the individual 
components of the device. 

contact openings 

After the entire wafer has been covered with the protective 
layer of silicon nitride, appropriate windows are opened both 
in this and the previously formed oxide layer to permit 
contact with the junction areas of the individual components. 

deposition of contacts and interconnections 
To integrate the individual components into the circuits, the 
exposed terminal areas are interconnected with gold leads 
formed by electroplating. The gold leads are underlaid with 
titanium, and platinum in that order, over a platinum silicide 
layer in the contact openings to attain a low-resistance ohmic 
contact to the silicon. Two electroplating steps are used to 
form both the gold metallization network and the gold beam 
leads by means of which appropriate circuit terminals can be 
connected to external electrical contacts. 

circuit separation 

A thinning and etching technique is next used to separate 
the completed circuit chip from the wafer in which they are 
formed. This separation involves removal of the silicon from 
the grids between the chips by a very precise chemical 
etching process which physically separates the circuits from 
each other but leaves them firmly held in a matrix position. 
In this position, the individual circuits can be evaluated by an 
automatic test set operating in conjunction with an 
automatic probe set. 

| FORCE 




beam-lead, bonding (See Fig. 2) 

The actual bonding of the beam leads to a metallized package 
or a substrate is performed by a thermocompression techni- 
que as follows: 

A bonding tool is used to pick up the chip and bond it to the 
subsystem substrate metallization. The chip and the bonding 
tool are aligned through the use of a semi-mirror shown in 
Fig. 2(a). The bonding tool is lowered to the chip. The chip 
is held firmly by the vacuum [inside the bonding tool, see 
Fig. 2(b)] and transferred to the bonding station. Another 
alignment is made [see Fig. 2(a)] by viewing the chip in the 
tool (through the semi-mirror) and the subsystem substrate 
metallization. The bonding tool and the chip are then lowered 
to the subsystem substrate where the heated substrate and 
the heated bonding tool develop an interface temperature of 
300°C between the beam leads and the substrate. Simultane- 
ously, a force is applied to the bonding tool which deforms 
the ends of the beam leads and completes the thermocom- 
pression bond. The bonding time is 2 to 3 seconds. 

Any faulty chips can be rebonded. The most significant 
advantages of the beam lead technology are in this bonding 
process-- 

1. Manufacturing the silicon chip beam leads as an 
integral part of the device eliminates the necessity of 
bonding to the chip and immediately reduces the 
number of bonds to be made for an equivalent 
interconnection. 

2. Furthermore, since each lead is an integral part of the 
contact and not a mechanical ly-made connection, the 
reliability of the circuit is greatly enhanced. 

3. In addition, the single metal system gold-to-gold 
employed between contacts and leads not only 
obviates a reliability factor often associated with 
bonds with contacts made between dissimilar metals, 
but also insures a bond completely free from 
corrosion. 

4. And finally, all bonds for a single chip can be made 
simultaneously providing both technical and 
economic advantages. 

REFERENCES 

1. The Western Electric Engineer, Dec. 1967. 


Fig. 2— a) Alignment to pick up chip and to bond chip 
to subsystem substrate: force is used only to 
bond chip; 

b) detail of bonding tool to show vacuum pick up. 
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Linear Integrated Circuits 

Monolithic Silicon 

CA741L 


Beam-Lead Operational 

Amplifier 

High-Gain Operational Amplifier 
With Internal Phase Compensation 

FOR MILITARY, INDUSTRIAL AND CONSUMER APPLICATIONS 

Applications 

■ Comparator ■ DC amplifier 

■ Integrator or differentiator ■ Multivibrator 

■ Summing amplifier ■ Narrow-band or band-pass filter 

RCA CA741 L is the beam-lead version of the family of CA741 , 
general-purpose high-gain, monolithic operational amplifiers. 

The CA741 L features internal phase compensation, provides 
output short-circuit protection, and latch-free operation. This 
type also features large common mode and differential mode 
signal ranges and has a low offset voltage and nulling capability. 

The CA741L consists of a differential-input amplifier with an 
effectively double-ended output that drives a gain and level- 
shifting stage having a complementary emitter-follower output. 


Features 

■ No external phase compensation required, 
a Open-loop voltage gain: 50,000 min. 

■ Input bias current: 500 nA max. 

■ Input offset current: 200 nA max. 

■ Input offset voltage: 5 mV max. 

■ Operation over the full military temperature range: -55 
to +125°C 
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MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25° C 


DC Supply Voltage (between V + and V“ terminals) 44 V 

Differential Input Voltage ±30 V 

DC Input Voltage* ±15 V 

Output Short-Circuit Duration Indefinite 


Voltage between Offset Null and V - ±0.5 V 

Temperature Range: 

Operating —55 to +125°C 

Storage -65 to +150°C 


*lf Supply Voltage is less than ±15 volts, the Absolute Maximum Input Voltage is equal to the 
Supply Voltage. 


ELECTRICAL CHARACTERISTICS 
For Equipment Design 


CHARACTERISTICS 

SYMBOLS 

TEST C 

SUPPLY VOLT 

ONDITIONS 

S: V + = 15, V” = -15 

AMBIENT 

TEMPERATURE (Ta) 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Input Offset Voltage 

V|0 

Rs<10kn 

25°C 

_ 

1 

5 

mV 

-55 to +125°C 

- 

1 

6 

Input Offset Current 

Mo 


25°C 

- 

20 

200 

nA 

-55°C 


85 

500 

+125°C 

- 

7 

200 

Input Bias Current 

ll 


25°C 

_ ■ 

80 

500 

nA 

-55°C 

_ 

300 

15000 

+125°C 

- 

30 

500 

Input Resistance 

R| 



0.3 

2 

- 

Mfl 

Open- Loop Differential Voltage 

Gain 

aol 

R L >2 kft 

vo = ±iov 

25°C 

50,000 

200,000 

- 


-55 to +125°C 

25,000 

- 

- 

Common-Mode Input Voltage 
Range 

V|CR 


25°C 

_ 

_ 

- 

V 

-55 to +125°C 

±12 

±13 

- 

Common-Mode Rejection 

Ratio 

CMRR 

RS< 10 k£2 

25°C 

- 

- 

- 

dB 

-55 to +125°C 

70 

90 

- 

Supply Voltage 

Rejection Ratio 

Vrr 

RS<. 10k£2 

25°C 

- 

^ - 

_ 

MV/V 

-55 to +125°C 

- 

30 

| 150 

Output Voltage Swing 

Vo(P-P) 

RL>10k£2 

25°C 

- 

- 

- 

V 

-55 to +125°C 

±12 

±14 

- - 

R|_> 2kft 

25°C 

- 

- 

■ - 

-55 to +125°C 

±10 

±13 

- ' 

Supply Current 



25°C 

- 

1.7 

2.8 

mA 

-55°C 

- 

2 

3.3 

+125°C 

- 

1.5 

2.5 

Device Dissipation 

Pd 


25°C 

- 

50 

85 

mW 

-55°C 

- 

60 

100 

+125 P C 


45 

75 


When incorporating RCA Solid State Devices in equipment, it is 
recommended that the designer refer to "Operating Considerations 
for RCA Solid State Devices", Form No. ICE-402, available on 
request from RCA, Commercial Engineering, Harrison, N. J. 07029. 
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Linear Integrated Circuits 

Monolithic Silicon 

CA3015L 



Beam-Lead Operational Amplifier 


Applications 

■ Narrow-Band and Bandpass Amplifier 

■ Operational Functions 

■ Feedback Amplifier 

■ DC and Video Amplifier 

■ Multivibrator 


Oscillator 

Comparator 

Servo Driver 

Scaling Adder 

Balanced Modulator-Driver 


The RCA CA3015L is the beam-lead version of the CA3015 
operational amplifier family. The beam leads of this device 
are formed as an integral part of the 1C chip during the batch 
fabrication process. 

The CA3015L is particularly suited for applications in hybrid 
circuits where hermetic packaging, low cost, and reliable 
operation are prime considerations. 

For applications of the CA3015 family of operational 
amplifiers see the companion Application Notes, ICAN-5290 
"Integrated Circuit Operational Amplifiers", ICAN-5213 
"Application of the RCA-CA3015, CA3016 Integrated 
Circuit Operational Amplifiers,"and ICAN-5015 "Application 
of the RCA-CA3008, CA3010 Integrated Circuit Operational 
Amplifiers". 



2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4. 5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 

Fig. 2-1— Terminal layout for CA3015L (18 lead configuration). 


Features 



Open-Loop Voltage Gain 

70 

dB 

typ. 


Common-Mode Rejection 





Ratio 


103 

dB 

typ. 


Output Impedance 


92 

n 

typ. 


Input Offset Voltage 


1 

mV 

typ. 


Static Device 
Dissipation at 

±12V 

175 

mW 

typ. 


± 6V 

30 

mW 

typ. 



± 3V 

7 

mW 

typ. 


■ Operation over the full military temperature range: 
-55 to +125°C 


CAUTION: ALTHOUGH RCA-CA3015L is electrically 
similar to CA3015, it is not a pin-f orpin replacement 
v + 



Fig. 2-2- Schematic diagram of CA3015L 
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MAXIMUM RATINGS, 

ABSOLUTE-MAXIMUM VALUES. 

OPERATING TEMPERATURE RANGE -55°C to +125°C SIGNAL VOLTAGE -8 V to +1 V 

STORAGE TEMPERATURE RANGE -6^ to +150°C 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

SYMBOL 

LIMITS 

UNITS 

MIN. | TYP. | MAX. 

STATIC CHARACTERISTICS: V + = +12 V, V = -12 V | 

Input Offset Voltage 

V|0 

_ 

1.37 

5 

mV 

Input Offset Current 

l|0 

- 

1.07 

5 

ma 

Input Bias Current 

h 

- 

9.6 

24 

pA 

Input Offset Voltage Sensitivity: 

Positive 

Negative 

AV| 0 /A V + 
AV|0/AV~ 

- 

0.096 

0.156 

0.5 

0.5 

mV/V 

Device Dissipation 

Pd 

- 

175 

- 

mW 

DYNAMIC CHARACTERISTICS: 

Open-Loop Differential Voltage Gain 

AOL 

66 

70 

- 

dB 

Common-Mode Rejection Ratio 

CMRR 

80 

103 

- 

dB 

Maximum Output-Voltage Swing 

V 0 (P-P) 

12 

14 


Vp.p 

Input Impedance 

Z|N 

5 

7.8 

- 

kS2 

Output Impedance 

ZOUT 

- 

92 

- 

n 

Common-Mode Input-Voltage Range 

V ICR 

: 

+0.65 

-8 

_ 

V 
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Linear Integrated Circuits 

Monolithic Silicon 

CA3018L 



Beam-Lead General-Purpose 
Transistor Array 

Two Isolated Transistors and a 
Darlington-Connected Transistor Pair 

FOR LOW-POWER APPLICATIONS AT FREQUENCIES FROM 
DC THROUGH THE VHF RANGE 

Applications 

a General use in signal processing systems in DC through 
VHF range 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 


The CA3018L is a beam-lead version of the RCA CA3018 
and consists of four general purpose silicon n-p-n transistors 
on a common monolithic substrate. The beam leads of this 
device are formed as an integral part of the 1C chip during 
the batch fabrication process. 

Two of the four transistors are connected in the Darlington 
configuration. The substrate is connected to a separate 
terminal for maximum flexibility. 


The CA3018L is particularly suited for applications in hybrid 
circuits where hermetic packaging, low costs, and reliable 
operation are prime considerations. For applications of the 
general purpose transistors see RCA Application Note, 
ICAN-5296 "Application of the RCA CA3018 Integrated- 
Circuit Transistor Array". 




92CS-I9374 


Features 

d Matched monolithic general purpose transistors 
n hpE matched ±10% 

“ Vgp matched ±5 mV 

■ Operation from DC to 120 MHz 
a Wide operating current range 

■ Low noise figure — 3.4 dB typical at 1 kHz 

b Operation over the full military temperature range: -55 
to +125°C 

CAUTION: Although RCA-CA3018L is electrically 
similar to CA3018, it is not a pin-for-pJn replacement. 



2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4. 5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 


Fig. 3- 1— Schematic diagram of CA3018L 


Fig. 3-2- Terminal layout for CA3018L ( 14-lead configura- 
tion) 
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MAXIMUM RATINGS, Absolute-Maximum Values , at T A = 25°C 

The following ratings apply for each transistor in the device: 


Temperature Range: 

Operating -55to+125°C 

Storage -65to+150°C 

Collector-to-Emitter Voltage, Vq B q 15V 

Collector-to-Base Voltage, V CBO •••«*• ’20 v 

Col lector-to-Subst rate Voltage, V C | 0 * 20 V 


Emitter-to-Base Voltage, V EB0 5 V 

Collector Current, Iq. . . 50 r fnA 


•The collector of each transistor of CA3018L is isolated from the 
substrate by an. integral diode. The substrate ( terminal 8) must be 
connected to the most negative point in the external circuit to 
maintain isolation between transistors and to provide for normal 
transistor action. 


ELECTRICAL CHARACTERISTICS 
at Ta = 25°C 

FOR EACH TRANSISTOR 








STATIC CHARACTERISTICS | 

Collector-Cutoff Current 

ICBO 

VcB= 10V, Ie = 0 

_ 

0.002 



Collector-Cutoff Current 

»CEG 

VCE=10V, Ib = 0 

- 

- 

5 

MA 

Collector-to-Emitter Breakdown 
Voltage 

V(BR)CEO 

1C = 1 mA, 1 b = 0 

15 

24 

- 

V 

Collector-to-Base Breakdown 

Voltage 

V(BR)CB0 

IC= 10mA, Ie = 0 

20 

60 

- 

V 

Emitter-to-Bdse Breakdown 

Voltage 

V(BRJEB0 

IE = 10/uA, Ic = 0 

5 

n 

- 

V 

Collector-to-Substrate Breakdown 
Voltage 

V(BR)CI0 

1C = 10/nA, lei = 0 

20 

60 

- 

D 

Collector-to-Emitter Saturation 
Voltage 

VCES 

IB* 1 mA, lc = 10 mA 

- 

0.23 

. - 

V 

Static Forward Current Transfer 

Ratio 

hfe 

VCE = 3V.]£, 1mA 

30 

100 

100 

54 

: 

B 

Magnitude of Static-Beta Ratio 
(Isolated Transistors Q-| and Q 2 ) 


VcE = 3V, lei = >C2 = 1 mA 

0.9 

0.97 

- 

, - 

Static Forward Current Transfer 

Ratio Darlington Pair (Q 3 and Q 4 ) 

hFED 

VCE = 3V, 1C = 1 mA 

1500 


- 

- 

Base-to- Emitter Voltage 

vbe 

V CE = 3V ,E = 1mA 

CE Ie = 10mA 

~~ 

0.715 

0.800 

— 


Input Offset Voltage 

|VBErVBE 2 | 

VCE= 3V, Ie= 1 mA 

- 

0.48 

5 

mV 

Temperature Coefficient: 
Base-to-Emitter Voltage Qi, Q 2 

|av B e| 

AT 

VCE = 3V, Ie = 1 mA 

- 

-1.9 

- 

mV/°C 

Base (Q 3 ) -to- Emitter (Q 4 ) Voltage 
Darlington Pair 

VBED(V9-l) 

VCE = 3V' E ‘] 0, " A 
lE = 1 mA 

— 


H 


Temperature Coefficient: 
Base-to-Emitter Voltage 

Darlington Pair - Q 3 , Q 4 

IaVbedI 

AT 

VcE = 3V, Ie “ 1 mA 

- 

4.4 

- 

mV/°C 

Temperature Coefficient: 

Magnitude of Input-Offset Voltage 

|vbe 1 _v be 2 1 

AT 

Vcc = + 6 V, Vee = - 6 V, 

1 C "i = IC 2 = 1 mA 

- ^ 

1 

- 

jLtV/°C 
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Linear Integrated Circuits 

Monolithic Silicon 

CA3028AL 



Beam -Lead Differential /Cascode 
Amplifier 

FOR COMMUNICATIONS AND INDUSTRIAL EQUIPMENT AT 
FREQUENCIES FROM DC to 120 MHz 

Applications 

■ RF and IF Amplifiers (Differential or Cascode) 

■ DC, Audio, and Sense Amplifiers 

■ Converter in the Commercial FM Band 

■ Oscillator e Mixer e Limiter 

Features 


RCA CA3028AL is the beam-lead version of the CA3028A 
family of differential/cascode amplifiers designed for use in 
communications and industrial equipment operating at 
frequencies from dc to 120 MHz. The beam leads of this 
device are formed as an integral part of the 1C chip during 
the batch fabrication process. 

The CA3028AL is particularly suited for applications in 
hybrid circuits where hermetic packaging, low cost, and 
reliable operation are prime considerations. 

For applications of the CA3028AL see the companion 
Application Note ICAN-5337 “Application of the RCA 
CA3028 Integrated Circuit Amplifier in the HF and VHF 
Ranges". 



■ Controlled for input bias current 

■ Balanced differential amplifier configuration with! 
controlled constant-current source to : provide unexcelled 
versatility 

■ Single- and dual-ended operation 

■ Operation from dc to 120 MHz 

■ Balanced-AGC capability 

■ Wide operating-current range 

■ Operation over the full military temperature range: -55 
to +125°C 



2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4. 5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 

Fig. 4-2- Terminal layout for CA3028AL (14-lead con- 
figuration) 


CAUTION: A Ith o ugh RCA-CA3028A L is electrically sim- 
Fig. 4- 1— Schematic diagram of CA3028A L Har to CA3028A, it is not a pin-for-pin replacement. 
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MAXIMUM RATINGS, Absolute-Maximum Ratings at T ^ = 25°C 
TEMPERATURE RANGE: 


Operating -55°C to +125°C 

Storage -65°C to +150°C 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

SYMBOL 

SPECIAL TEST CONDITIONS 

LIMITS 

MIN. | TYP. | MAX. 

UNITS 

STATIC CHARACTERISTICS | 



V + 

V~ 





Input Bias Current 

l| 

6V 

12V 

6V 

12V 

- 

16.6 

36 

70 

106 

AiA 

Quiescent Operating Current 

>6 or l«io 

6V 

12V 

6V 

12 V 

0.8 

2 

1.25. 

3.3 

2 

5 

mA 

Input Current (Term. No. 8) 

>8 

6V 

12V 

6V 

12V 

0.5 

1 

0.85 

1.65 

1 

2.1 

mA 

Device Dissipation 

PT 

6V 

12V 

6V 

12V 

24 

120 

36 

175 

54 

260 

mW 
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Linear Integrated Circuits 

Monolithic Silicon 

CA3039L 



Beam* Lead Diode Array 

6 Matched Ultra- Fast Low-Capacitance Diodes 

FOR APPLICATIONS IN COMMUNICATIONS AND SWITCHING 
SYSTEMS 


Applications 

■ Balanced modulators or demodulators 

■ Ring modulators 

■ High-speed diode gates 

■ Analog switches 


RCA CA3039L is the beam-lead version of the CA3039 
which consists of six ultra-fast, low capacitance diodes on a 
common monolithic substrate. The beam leads of the device 
are formed as an integral part of the 1C chip during the batch 
fabrication process. 


Features 

■ Excellent reverse recovery time: 1 ns typ. 
a Matched monolithic construction: Vp matched ±5 mV 
n Low diode capacitance: Cp = 0.65 pF typ. at Vp = — 2 V 
“ Operation over the full military temperature range: —55 
to +125°C 


CA3039L is particularly suited for applications in hybrid 
circuits where hermetic packaging, low cost and reliable 
operation are prime considerations. 

Five of the diodes are independently accessible, the sixth 
shares a common terminal with the substrate. 

For applications such as balanced modulators or ring 
modulators where capacitive balance is important, the 
substrate should be returned to a dc potential which is 
significantly more negative (with respect to the active diodes) 
than the peak signal applied. 


'UJ "t ,;;"H 1 


m m .ra 


H4- 


*5 


f °S 
SUBSTRATE 


CAUTION: Although RCA-CA3039L is electrically 

similar to CA3039, it is not a pin-for-pin replacement 



1. INDEX CONFIGURATION ON BEAM NO. I OPTIONAL, PROVIDED 
LEAD MAX.-IS NOT INCREASED MORE THAN .002 

2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4. 5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 


Fig. 5-1— Schematic diagram of CA3039L Fig. 5-2— Terminal layout for CA3039L (14-lead configura- 

tion} 
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MAXIMUM RATINGS, Absolute-Maximum Ratings at T A - 2S°C 


Peak Inverse- Voltage VpM for: D^-Dc 5V 

D 6 0.5V 

TEMPERATURE RANGE: 

Operating -55to+125°C 

Storage -65 to +150°C 


Peak Diode-to-Substrate Voltage, Vq, 

for D-j-Dg (term. 3, 4, 9, 13 or 14 to term. 7) +20, -1 V 


DC Forward Current, Ip 25 mA 

Peak Recurrent Forward Current lp RM 100 

Peak Forward Surge Current lp SM 100 mA 


ELECTRICAL CHARACTERISTICS, at T A = 25°C 

Characteristics apply for each diode unit, unless otherwise 
specified. 



SYMBOLS 

SPECIAL TEST CONDITIONS 

LIMITS 

UNITS 

lauji 

MM 

EZ59 

DC Forward Voltage Drop 

Vf 

IF = 50 p A 

- 



■ 

1 mA 

- 


EBS 

3 mA 

- 

Hi 

KLM 

10 mA 



EE3 

DC Reverse Breakdown Voltage 

V(BR)R 

Ip = -10 /iA 

5 

7 

- 

EQE1 

DC Reverse Breakdown Voltage 

Between any Diode Unit and Substrate 

V(BR)R 

Ir = -10/iA 


- 

- 

V 

DC Reverse (Leakage) Current 

IR 

> 

T 

11 

DC 

> 

- 

EEQH 


msHi 

DC Reverse (Leakage) Current 

Between any Diode Unit and Substrate 

,R 

Vrf-IOV 

- 

j||j|^| 

100 

•nA 

Magnitude of Diode Offset Voltage 
(Difference in DC Forward Voltage 

Drops of any Two Diode Units) 

CM 

U_ 

> 

1 

u. 

> 

Ip = 1 mA 

- 

0.5 

5 

mV 

Temperature Coefficient of J vf-j — VF 2 I 

a|v Fi -v F2 | 

Ip = 1 mA 

- 

1 

- 


AT 

Temperature Coefficient of Forward Drop 

AVp 

AT 

Ip = 1 mA 

. - • 

- 1. 9 

- - 

mV/°C 

DC Forward Voltage Drop for 
Anode-to-Substrate Diode (D$) 

v F 

Ip = 1 mA 

, . 

0.65 

- 


Reverse Recovery Time 

trr 

IF = 10 mA, Ir = 10 mA 

■ 

1 

- 

ns 

Diode Capacitance 

CD 

Vr = -2 V, 1 p = 0 

■ 

EES 

- 

pF 

Diode-to-Substrate Capacitance 

CDI 

V D | = +4 V, Ip = 0 



- 

pF 
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File No. 515 


Linear Integrated Circuits 

Monolithic Silicon 

CA3045L 



Beam -Lead General-Purpose 

N=P=N Transistor Array 

Three Isolated Transistors and One Differentially 
Connected Transistor Pair. 

FOR LOW-POWER APPLICATIONS AT FREQUENCIES FROM 

DC THROUGH THE VHF RANGE 

Applications 

■ General use in various types of signal processing systems 
operating anywhere in the frequency range from DC to 
VHF 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 

Features 


RCA CA3045L is a beam-lead version of the CA3045 and 
contains an array of general-purpose transistors for use in 
signal-level applications at frequencies up to more than 120 
MHz. The beam leads of this device are formed as an integral 
part of the 1C chip during the batch fabrication process. 

The CA3045L is particularly suited for use in hybrid type 
construction where compactness, hermeticity, ultra- 
reliability, and low cost are prime requirements. For 
suggested applications of transistor arrays, see RCA Applica- 
tion Note, I CAN-5296 "Application of the RCA-CA3018 
Integrated-Circuit Transistor Array". 


2 3 13 14 10 7 4 



92CS-I9384 


Fig. 6-1— Schematic diagram of CA3045L 


u Two matched transistor pairs: V EE matched ±5 mV, 

I nput offset current 2 pA max. at Iq = 1 mA 

■ 5 general-purpose monolithic transistors 

■ Operation from DC to more than 120 MHz 

■ Wide operating current range 

■ hp E (each transistor )=1 00 typ. at V CE =3 V, Iq= 1 mA 

■ Low-noise figure: 3.2 dB typ. at 1 kHz 

■ Operation over the full military temperature range: -55 
to +125°C 



NOTES. 

1. INDEX CONFIGURATION ON BEAM NO. I OPTIONAL, PROVIDED 
LEAD MAX. "IS NOT INCREASED MORE THAN .002 

2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4. 5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 


CAUTION: Although RCA-CA3045L is electrically Fig. 6-2— Terminal layout for CA3045L (14-lead configurB- 
similar to CA3045, it is not a pin-for-pin replacement. tion) 
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MAXIMUM RATINGS, Absolute-Maximum Values at T A =25°C 


Collector-to-Emitter Voltage, Vq B q 
C ollector-to-Base Voltage, V CB0 . . 
Collector-to-Substrate Voltage, Vqjq* 
Emitter-to-Base Voltage, V eb q . . . 
Collector Current, I q 


. 15V 
. 20 V 
. 20 V 
. . 5 V 
50 mA 


Temperature Range: 

Operating -55 to +1 25°C 

Storage -65 to +1 50°C 

*The collector of each transistor is isolated from the substrate by an 
integral diode. The substrate (terminal 5) must be more negative than 
all collectors to maintain isolation between transistors and to provide 
for normal transistor action. 


ELECTRICAL CHARACTERISTICS, at T A = 25°C 

Characteristics apply for each transistors 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

STATIC CHARACTERISTICS | 

Collector-to-Base Breakdown Voltage 

v (BR)CBO 

lc = 10 pA, 1 E = 0 

20 

60 


V 

Collector-to-Emitter Breakdown Voltage 

V(BR)CEO 

1C = 1 mA, Ib = 0 

15 

24 


V 

Collector-to-Substrate Breakdown 
Voltage 

V(BR)CI0 

1C = 10 pA, 1 ci = 0 

20 

60 


V 

Emitter-to-Base Breakdown Voltage 

V(BR)EB0 

lE = 10/iA, lc = 0 

5 

7 

- 

V 

Collector-Cutoff Current 

'CBO 

VcB = 10 V, l£ = 0 

- 

0.002 

40 

nA 

Collector-Cutoff Current. 

'CEO 

VcE= 10 V, 1 b ~ 0 

- 


05 

ma 

Static Forward Current Transfer Ratio 
(Static Beta) 

hFE 

V C E = 3V 

1C = 10 mA 

1C - 1 mA 

1C = 10 pA 

40 

100 

10U 

54 

- 

- 

Input Offset Current for Matched Pair 

Ql and Q2 

CM 

O 

7^_ 

0 

VcE = 3V, 1 c = 1 mA 

- 

0.3 

2 

pA 

Base-to- Emitter Voltage 

VBE 

V C E = 3V< 

1 lE = 1 mA 
|lE= 10 mA 

_ 

0.715 

0.800 

- 

V 

V 

Magnitude of Input Offset Voltage for 
Differential Pair 

I V I0 1 - V I0 2 I 

VCE = 3V, lc= 1 mA 

- 

0.45 

5 

mV 

Magnitude of Input Offset Voltage for 
Isolated Transistors 

V I0 3 - V I0 4 
V I0 4 — v 10 5 ' 
V I0 5 - V I0 3 

VCE= 3V, lc= 1 mA 

_ 

0.45 

5 

mV 

Temperature Coefficient: 

Magnitude of Input-Offset Voltage 

|AVjoj 

AT 

VcE = 3V, lc= 1 mA 

- 

1.1 

- 

p\l/°C 

Temperature Coefficient of 
Base-to-Emitter Voltage 

av B e 

AT 

VcE = 3V, lc= 1 mA 

- 

-1.9 

- 

mV/°C 

Collector-to-Emitter Saturation Voltage 

V C ES 

1 B = 1 mA, lc = 10 mA 

- 

0.23 

- 

V 
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File No. 515 


Linear Integrated Circuits 

Monolithic Silicon 

CA3049L 


Beam -Lead Dual Independent 

Differential Amplifiers 

For Low-Power Applications at Frequencies up to 500 MHz 



Applications 

n VHF amplifiers 
n VHF mixers 

■ Multifunction combinations — 
RF/Mixer/Oscillator; Converter/I F 

■ IF amplifiers (differential and/or cascode) 
° Product detectors 

n Doubly balanced modulators and 
demodulators 


a Balanced quadrature detectors 

■ Cascade limiters 

b Synchronous detectors 

■ Balanced mixers 
b Synthesizers 

B Balanced (push-pull) cascode amplifiers 

■ Sense amplifiers 


CA3049L is the beam-lead version of the CA3049 and consists 
of two independent differential amplifiers with associated 
constant-current transistors on a common monolithic sub- 
strate. The six n-p-n transistors which comprise the amplifiers 
are general-purpose high-frequency devices which exhibit a 
value of fj in excess of 1000 MHz. These features make the 
CA3049L useful to 500 MHz. Bias and load resistors have 
been omitted to provide maximum application flexibility. 

The CA3049L is particularly suited for applications in hybrid 
circuits where hermetic packaging, low cost, and reliable 
operation are prime considerations. 

The monolithic construction of the CA3049L provides close 
electrical and thermal matching of the amplifiers. This feature 
makes this device particularly useful in dual-channel applica- 
tions where matched performance of the two channels is 
required. 



Features 

a Power Gain 23 dB (typ.) at 200 MHz 
a Noise Figure 4.6 dB (typ.) at 200 MHz 
n Two differential amplifiers on a common substrate 
a Independently accessible inputs and outputs 
■ Full military temperature range capability — 55°C to 
+125°C 



I. INDEX CONFIGURATION ON BEAM NO. I OPTIONAL, PROVIDED 
LEAD MAX. 'IS NOT INCREASED MORE THAN .002 


2. LEADS AT TRUE POSITION (TP) WITHIN .002 .TOTAL 
(REF. USANS YI4. 5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 


Fig. 7-2— Terminal layout for CA3049L ( 14-lead configuration) 


CAUTION: Substrate MUST be maintained negative with 
respect to all collector terminals of this device. 

Fig. 7-1- Schematic diagram of CA3049L Although RCA-CA3049L is electrically sim- 

ilar to CA3049, it is not a pin-for-pin replacement. 
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MAXIMUM RATINGS, Absolute-Maximum Values , 
at T a = 25° C 


Temperature Range: 

Operating -55 to +1 25 °C 

Storage . .* *55 to +1 50 °C 


The following ratings apply for each transistor 


in the device: 

Collectar-to-Emitter Voltage, Vq E q • • 15 v 

Collector-to-Base Voltage, Vqqq 20 v 

Collector-to-Substrate Voltage, Vqjo*- 20 V 

Emitter-to-Base Voltage, V E gQ 5 V 

Collector Current, Iq 50 mA 


•The collector of each transistor of the CA3049L is isolated from the 
substrate by an integral diode. The sdbstrate (terminal 13) must be 
connected to the most negative point in the external circuit to 
maintain isolation between transistors and to provide for normal 
transistor action. 


ELECTRICAL CHARACTERISTICS, af T A =2?C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

CA3049L LIMITS 

MIN. 

TYP. 

MAX. 

UNITS 

STATIC CHARACTERISTICS (for each transistor) 

Input Bias Current 

*IB 

V C E = 3 V, l c = 1 mA 

- 

10 

33 


Collector-Cutoff Current 

‘CBO 

v CB =iov,i E = o 

- 

- 

100 

nA 

Collector-to-Emitter 

Breakdown Voltage 

v (BR)CEO 

Iq = 1 mA, lg = 0 

15 

- 

- 

V 

Collector-to-Base 

Breakdown Voltage 

v (BR)CB0 

l c = 10juA, l E = 0 


■ 

■ 

n 

Col lector-to-Substrate 

Breakdown Voltage 

v (BR)CIO 

l c = 1°/iA. Id = 0 

20 

■ 

■ 

V 

Emitter-to-Base Breakdown Voltage 

v (BR)EBO 

l E = 10 /iA, l c = 0 

5 

- 

- 

V 
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Linear Integrated Circuits 

Monolithic Silicon 

CA3054L 



Beam -Lead Dual Independent 

Differential Amplifiers 

FOR LOW-POWER APPLICATIONS AT FREQUENCIES FROM 
DC TO 120 MHz 


Applications 

a Dual sense amplifiers 
a Dual Schmitt triggers 

■ Multifunction combinations — RF/Mixer/Oscillators; 
Converter/I F 

■ IF amplifiers (differential and/or cascode) 


The RCA CA3054L is the beam-lead version of the CA3054, 
and consists of two independent differential amplifiers with 
associated constant-current transistors on a common mono- 
lithic substrate. The beam leads of this device are formed as 
an integral part of the 1C chip during the batch fabrication 
process. 


The CA3054L is particularly suited for applications in hybrid 
circuits where hermetic packaging, low cost, and reliable 
operation are prime considerations. 



1. INDEX CONFIGURATION ON BEAM NO. I OPTIONAL, PROVIDED 
LEAD MAX* IS NOT INCREASED MORE THAN .002 

2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4. 5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 

Fig. 8-1- Terminal layout forCA3054L (14-lead configura- 
tion) 

CAUTION: Although RCA-CA3054L is electrically 

similar to CA3054, it is not a pin-for-pin replacement 


a Product detectors 

■ Doubly-balanced modulators and demodulators 

■ Balanced quadrature detectors 
b Cascade limiters 

■ Synchronous detectors 

■ Pairs of balanced mixers 
a Synthesizer mixers 

■ Balanced (push-pull) cascode amplifiers 

Features 

a Two differential amplifiers on a common substrate 
a Independently accessible inputs and outputs 
b Maximum input offset voltage — ±5 mV 
a Operation over the full military temperature range: -55 
to +125°C 



Fig. 8-2- Schematic diagram of CA3054L 


CAUTION: Substrate MUST be maintained negative with 
respect to all collector terminals of this device. 
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MAXIMUM RATINGS, Absolute-Maximum Values , at T A - 25° C 
The following ratings apply for each transistor in the device: 


Collector-to-Emitter Voltage, V CE0 15V 

Col lector-to- Base Voltage, V CB0 20 V 

Collector-to-Substrate Voltage, V C( q* 20 V 


•The collector of each transistor of the CA3054L is isolated from the 
substrate by an integral diode. The substrate must be connected to a 
voltage which is more negative than any collector voltage in order to 
maintain isolation between transistors and provide for normal 


Emitter-to-Base Voltage, V EB q 5 V 

Collector Current, Iq 50 mA 

Temperature Range: 

Operating -55 to + 1 25°C 

Storage -65 to +150°C 


transistor action. The substrate should be maintained at signal (AC) 
ground by means of a suitable grounding capacitor, to avoid undesired 
coupling between transistors. 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. | TYP. | MAX. 

STATIC CHARACTERISTICS 

For Each Differential Amplifier: 

Input Offset Voltage 

Vio 

V C B = 3 V 

'E(Q3) = «E(Q4) = 2mA 

- 

0.45 

5 

mV 

Input Offset Current 

lio 

- 

0.3 

2 

MA 

Input Bias Current 

ll 

- 

10 

24 

ma 

Quiescent Operating Current 

Ratio 

lC(Qi) or «C(Q 5 ) 

>c(q 2 ) or lc(Q 6 ) 

- 

0.98 to 
1.02 

- 

- 

Temperature Coefficient 

Magnitude of Input-Offset Voltage 

A|V| 0 | 

AT 

- 

1.1 

- 

juV/ 6 C 

For Each Transistor: I 

DC Base-to-Emitter 

Voltage 

VBE 

V C B = 3 V 

1C = 50 ^iA 

1 mA 

3 mA 

10 mA 

- 

0.630 

0.715 

0.750 

0.800 

0.700 

0.800 

0.850 

0.900 

V 

V 

Temperature Coefficient of Base-to- 
Emitter Voltage 

AVbe 

AT 

VCB = 3V, lc = 1 mA 


-1.9 

- 

mV/°C 

Collector-Cutoff Current 

'CBO 

VCB = 3V,I E = 0 

- 

0.002 

100 

nA 

Collector-to-Emitter Breakdown 
Voltage 

V(BR)CEO 

1C = 1 mA, Ib = 0 

15 

24 

- 

V 

Collector-to-Base Breakdown 

Voltage 

V (BR)CBO 

l C = IOjuA, l£ = 0 

20 

60 

- 

V 

Collector-to-Substrate Breakdown 
Voltage 

V(BR)CIO 

1C = 10/iA, lei = 0 

20 

60 

- 

V 

Emitter-to-Base Breakdown 

Voltage 

V(BR)EBO 

l E = 10 /jA, Ic = 0 

5 

7 

- 

V 
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Linear Integrated Circuits 

Monolithic Silicon 


CA3083L 



General- Purpose High-Current 
N-P-N Transistor Array 

Applications 

■ Signal processing and switching systems operating from DC to VHF 

■ Lamp and relay driver 

■ Differential amplifier 

® Temperature-compensated amplifier 

■ Thyristor firing 

■ See RCA Application Note, ICAN-5296 "Application of the RCA-CA3018 
Ciicuit Transistor Array” for suggested applications 


RCA-CA3083L is the beam-lead version of the CA3083. It 
consists of a versatile array of five high-current (to 100 mA) 
n-p-n transistors on a common monolithic substrate. Inde- 
pendent connections for each transistor plus a separate 
terminal for the substrate permit maximum flexibility in 
circuit design. 



©©©@@©@)® 

92CS-22704 


Fig. 9-1— Schematic diagram of CA3083L. 


CAUTION: Although RCA-CA3083L is electrically similar to CA3083, 
it is not a pin-for-pin replacement. 

CAUTION: Substrate MUST be maintained negative with respect 
to all collector terminals of this device. 


Features 

n High lc: 100 mA max. 

■ Low VcEsat ( at 50 niA): 0.4 V typ. 

■ Transistor pair (Q1 and Q2): 

Vio ( a Vbe): 1.2 mV typ. 

ho 07 ma iyp- 

■ 5 independent transistors plus separate substrate connection 


■ Operation over the full military temperature range: 
-55 to +125°C 



2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4. 5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 

Fig. 9-2— Terminal layout for CA3083L (16-lead configuration). 
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MAXIMUM RATINGS. Absolute-Maximum Values at T A = 25°C 


Ambient Temperature Range: 


Operating —55 to +1 25 °C 

Storage -65 to + 1 50 °C 


The following ratings apply for each transistor in the device: 



15 

V 


20 

V 


20 

V 

Emitter-to-Base Voltage 

5 

V 

Collector Current (Iq) 

100 

mA. 

mA 

Base Current (lg) 

20 


The collector of each transistor of the CA3083L is isolated fronrthe substrate by an integral diode. The substrate 
must be connected to a voltage which is more negative than any collector voltage in order to maintain isolation 
between transistors and provide normal transistor action. To avoid undesired coupling between transistors, the 
substrate terminal (5) should be maintained at either DC or signal (AC) ground. A suitable bypass capacitor can 
be used to establish a signal ground. 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

' 

Typ. 

Max: 

For Each Transistor: | 

Collector-to-Base 
Breakdown Voltage 

V (BR)CBO 

l c = ■ 1 0Op A, l E = 0 

20 

60 

- 

V 

Collector-to-Emitter 
Breakdown Voltage 

V (BR)CEO 

Iq = 1mA, lg = 0 

15 

24 

- 

V 

Collector-to-Substrate 
Breakdown Voltage . 

V (BR)CIO 

l C) = 100 /jA, i b = 0, 
l E = 0 

20 

60 

- 

V 

Emitter-to-Base 
Breakdown Voltage 

V (BR)EBO 

lg = 500 /jA, Iq = 0 

5 

6.9 

- 

V 

Collector-Cutoff-Current 

'CEO 

V CE = 10V. lg - 0 


- 

10 

JuA 

Collector-Cutoff-Current 

'CBO 

V CB = 1°VJ E = 0 

- 

- 

1 

MA 

DC Forward-Current 
Transfer Ratio 

h FE 

> 

CO 

n 

UJ 

O 

> 

Iq= 10mA 

40 

76 

- 


\ q = 50mA 

40 

75 

. 

Base-to-Emitter Voltage 

V BE 

V CE~ 3V. I c = 10mA 

0.65 

0.74 

0.85 

V 
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Linear Integrated Circuits 

Mopolithic Silicon 

CA3084L 



Beam -Lead General-Purpose 
P-N-P Transistor Array 


Applications 

■ General use in signal processing systems having 
low-power and low-frequency requirements 

■ Differential amplifiers 

■ Temperature compensated amplifiers 

■ Active loads for differential amplifiers using n-p-n 
transistors 

■ Complementary uses with RCA n-p-n transistor arrays 


RCA CA3084L is the beam lead version of the CA3084, a 
general-purpose silicon p-n-p transistor array incorporating 
two independent transistors, a Darlington circuit, and a 
current-mirror pair with a shared diode. The beam leads of 
this device are formed as an integral part of the 1C chip 
during the batch fabrication process. 

The CA3084L is particularly suited for applications in hybrid 
circuits where hermetic packaging, low cost, and reliable 
operation are prime considerations. 

The two independent transistors in the array may be 
used in a variety of circuit applications. The Darlington pair 
may be used as the equivalent of a single high-beta 
transistor. The. current-mirror pair is well suited for 
constant-current applications and can also be used as the 
active loads in a differential amplifier which uses n-p-n 
transistors. 



Fig. 10-1— Schema tic diagram of CA3084L 
CAUTION: Substrate must be maintained negative with 
respect to all collector terminals of this device. 


Features 

■ A Darlington circuit (Q5 and Q6) 

■ A current-mirror pair with diode (Q3, Q4, and D1 ) 

■ Matched transistor pair (Q1 and Q2) 

V|Q (Vgg matched): ±6.0 mV max. 

I IQ (at 100 pA): ±0.6 pA 

■ Wide operating current range 

■ Low noise figure — 3.2 dB typ. at 1 kHz 

■ Operation over the full military temperature range: -55 
to +125°C 



I. INDEX CONFIGURATION ON BEAM NO.I OPTIONAL, PROVIDED 
LEAD MAX.-IS NOT INCREASED MORE THAN .002 


2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4. 5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 

Fig. 10-2- Terminal layout for CA3084L (18-lead configura- 
tion) 

CAUTION: Although RCA-CA3084L is electrically 

similar to CA3084, it is not a pin-for-pin replacement 
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MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25°C 
The following ratings apply for each transistor in the device: 


Collector-to-Emitter Voltage (V CE0 ) -40 V 

Ambient Temperature Range: 

Operating *. -55° to +1 25°C 

Storage -65to+150°C 

Collector-to-Base Voltage (V CBO ) -40V 

Base-to-Substrate Voltage (V B jq)* —40 V. 

Emitter-to-Base Voltage (V Eb q) —40 V 

Collector Current (Iq) -10 mA 


*The base of each transistor of the CA3084L is isolated from the 
substrate by an integral diode. The substrate must be connected to a 
voltage which is more negative than any base voltage in order to 
maintain isolation between transistors and provide normal transistor 
action. To avoid undesired coupling between transistors, the substrate 
terminal 18 should be maintained at either DC or signal (AC) ground. 
A suitable bypass capacitor can be used to establish a signal ground. 


ELECTRICAL CHARACTERISTICS at T A = 25°C 
For Equipment Design 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

For Each Transistor: 

•CBO 

■ 

VcB = -10V, lE = 0 


-0.055 

-100 

nA 

Collector-Cutoff Current 

Collector-Cutoff Current 

•CEO 

Vqe = —10V, Ib = 0 

- 

-0.12 

-100 

nA 

Collector-to-Emitter Breakdown Voltage 

V(BR)CE0 

Ice = -i00juA, ib = o 

-40 

-70 

- 

V 

Collector-to-Base Breakdown Voltage 

V(BR)CB0 

Iqb = -1’OOjnA, Ie = o 

-40 

-80 


V 

Emitter-to-Base Breakdown Voltage 

V(BR)EB0 

1 EB = -100/uA, l’c = 0 

-40 

-100 

- 

V 

Emitter-to-Substrate Breakdown Voltage 

V(BR)EI0 

1 El = 100/iA 

-40 

-100 

- 

V 

Collector-to-Emitter Saturation Voltage 

VCEsat 

lE = 1mA, Ib = 100/iA 

- 

-0.125 

-0.25 

V 

Base-to- Emitter Voltage 

VBE 

lE = 100/iA, Vqe = -iqv 

-0.50 

-0.59 

-0.68 

V 

DC Forward-Current Transfer Ratio 

hFE 

15 

40 

“ 


For Transistors Q1 and Q2 (As a Differential Amplifier): 

lE= 100/iA, VcE = -10V 


0.422 

6 

mV 

Magnitude of Input Offset Voltage 

|V|0l 

Input Offset Current 

iio 

-0.6 

! 

0 j 

0.6 

/iA 

For Transistors Q3 and Q4 (Current-Mirror Configuration): 

VCE = -5V. VciO = -5V 

Term. 5 = Gnd. 1 1 7 = -100/iA 

0.85 

1.00 ! 

1.15 

- 

Collector Current Normalized 

•c/'n 

Magnitude of Collector Current Ratio 

|lC(Q3)/IC(Q4)| 

0.90 

1.00 

1.10 

For Transistors Q5 and Q6 (Darlington Configuration): 

Vce = “10V, Ib = 0 

_ 


-1.0 

pA 

Collector-Cutoff Current 

•CEO 

Base-to- Emitter Voltage 

VBE 

lE= 100/iA, VcE = -10V 

0.92 

1.07 

1.20 

V 

DC Forward-Current Transfer Ratio 

h F E 

100 

1230 

- 
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Linear Integrated Circuits 

Monolithic Silicon 

CA3085L 



Positive Voltage Regulator 


Applications 

■ Shunt voltage regulator 

■ Current regulator 

■ Switching voltage regulator 

■ High-current voltage regulator 

■ Combination positive and negative voltage regulator 

■ Dual tracking regulator 

® Operation over the full military temperature range: 
-55 to +125°C 


RCA-CA3085L is the beam-lead version of the CA3085. It 
is designed specifically for service as a voltage regulator at 
output voltages ranging from 1.8 to 26 volts at currents up 
to 12 mA without the use of external pass transistors. How- 
ever the CA3085L can provide voltage regulation at load cur- 
rents greater than 100 mA with the use of suitable external 
pass transistors. The voltage regulators provide important 
features such as: frequency compensation, short-circuit pro- 
tection, temperature-compensated reference voltage, current 
limiting, and booster input. These devices are useful in a wide 
range of applications for regulating high-current, switching, 
shunt, and positive and negative voltages. They are also appli- 
cable for current and dual-tracking regulation. 



2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4. 5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER A BEAM. 

Fig. 11-1— Terminal layout for CA3085L (18-lead configuration). 


Features 

o Excellent temperature coefficient 
■ Input and output short-circuit protection 
“ Load and line regulation: 0.025% 
o Adjustable output voltage 


It should be noted that the CA3085L chip has eleven active 
circuit-access terminals, whereas the CA3085 Series packaged 
units have only eight access terminals. The additional termi- 
nals in the CA3085L provide greater flexibility in circuit 
applications. 



Caution: Although RCA-CA3085L is electrically similar to the 
CA3085, it is not a pin-for-pirt replacement. 

Fig. 1 1-2— Schematic diagram of CA3085L. 
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MAXIMUM RATINGS, Absolute-Maximum Values, at T A = 2S°C 


Temperature Range: Maximum Volt*,* Rating,: 

Q The following chart gives the range of voltages which can be applied to 

Operating -55 to +125 C the terminals listed vertically with respect to the terminals listed hori- 

Storage. -65to+150°C zontally. For example, the voltage range between vertical Terminal No. 

Unregulated Input Voltage 30 V 14 and horizontal Terminal No. 1 and 1 7 is +3 to —10 volts. 


MAXIMUM VOLTAGE RATINGS 


TERM- 

INAL 

No. 

7 

10 

— 

11 

14 

15 

16 

1&17 

2 

4 

6 

* Voltages are not normally 
applied between these 
terminals; however, voltages 
appearing between these 
terminals are safe, if the 
specified voltage limits 
between all other terminals 
are not exceeded. 

7 

- 

si: 


s|: 



❖ 


si: 

+ 10 

0 

10 

- 


+5 

-5 



s|: 





11 

- 

- 

- 


si: 


Si: 

❖ 

* 

* 

14 

- 

- 

- 


+3 

-10 

+ 10 
-1 

+3 

-10 



+30 

0 

15 

- 

- 

- 

- 


+5 

-1 




s* 

16 

- 

- 

- 

~ 

- 

- 

+3 

-10 

* 

* 

* 

1&17 

- 

- 

- 

- 



- 

+ 10 
-30 

0 

-30 

+ 30 

0 

2 

- 


- 

- 



- 

- 

- 

+30 

0 

4 

- 


- 

- 


- 

- 

- 

- 

+30 

0 

6 

- 


- 

- 


- 

- 

- 

- 

Sub- 

strate 


MAXIMUM CURRENT RATINGS 


TERM- 

INAL 

No. 

1 IN 
mA 

‘OUT 

mA 

7 

10 

1 

10 

1 

-0.1 

11 

1 

-0.1 

14 

1 

-1 

15 

0.1 

10 

16 

- 

- 

1 & 1 7 

20 

150 

2 

150 

60 

4 

150 

60 

6 

- 

- 
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CA3085L 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

T a = 25 °C 

(Unless indicated otherwise) 

MIN. 

TYP. 

MAX. 

Reference Voltage 

V REF 

V + , N = 15 V 

1.4 

1.6 

1.8 

Quiescent Regulator 
Current 

(quiescent 

V + , N = 30 V 

- 

3.3 

4.5 

Input Voltage Range 

V| N (range) 

- 

7.5 

- 

30 

Maximum Output 

Voltage 

V 0 (max.) 

V + | N = 30 R l = 365 ft, 

Term. No. 6 to Gnd. 

26 

27 

- 

Minimum Output 

Voltage 

Vq (min.) 

V + | N = 30 V 

- 

1.6 

1.8 

Input-Output Voltage 
Differential 

v IN" v OUT 

- 

4 

- 

28 

Limiting Current 

•lim 

V + | N =16V, V+qut = 10 V 
R SCP # = 6 ^ 

- 

96 

120 

Load Regulation* 

- 

1 L = 1 to 1 2 m A, R$CP = 0 

- 

0.003 

0.1 

Line Regulation* 

- 

1 L = 1 mA ' R SCP = 0 

- 

0.025 

0.1 

l|_ = 1 mA, RgCP = 0 

T a = 0°C to +70°C 

- 

0.04 

0.15 

Equivalent Noise 

Output Voltage 

v NOISE 

V + , n =25 V 

C REF = 0 

- 

0.5 

- 

C REF = 0 22 


0.3 

- 

Ripple Rejection 

- 

V + :n =25 V 

f = 1 kHz 

C REF = 0 

- 

50 

- 

C R EF = 2 

- 

56 

- 

Output Resistance 

r O 

V + )N = 25 V, f = 1 kHz 

- 

0.075 

1.1 

Temperature Coef- 
ficient of Reference 
and Output Voltages 

AV REF' 

av 0 

1 L = 0, V REF = 1.6 V 

- 

0.0035 

- 

Load Transient 

Recovery Time: 

Turn On 

*ON 

V + | N = 25 V, +50 mA Step 


1 


Turn Off 

'OFF 

V + | N = 25 V, —50 m A Step 

- 

3 

- 

Line Transient 

Recovery Time: 

Turn On 

*ON 

V + , N =25 V, f=1 kHz, 2 V Step 


0.8 


Turn Off 

tQFF 

- 

0.4 

- 


* R SCP : Short-circuit protection resistance 

m av out 

*Load Regulation =— ; X 100% 


*Line Regulation = 


Vqut (initial) 
( av out> 


[Vqut (initial)] (AV|[\j) 


X 100% 
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IH(M] 

Solid State 
Division 


MOS Field-Effect Transistors 

N-unannel uepietion Types 

3N128 

3N143 



Silicon MOS Transistors 

For Amplifier, Mixer, & Oscillator Applications in 
Military & Industrial VHF Communications Equipment 
Operating up to 250 MHz 

Applications 

■ VHF amplifiers, mixers, converters and if-amplifiers in 
communication receivers. 

■ High- impedance timing circuits 

■ Detectors, oscillators, frequency multipliers, phase 
splitters, pulse stretchers and current tjpiit&rs 

■ Electrometer amplifiers 

■ Voltage-controlled attenuators 

■ High impedance differential amplifiers 


RCA-3N128 and 3N143 are N-channel depletion-type silicon 
insulated-gate field-effect transistors utilizing the MOS* 
construction. The 3N128 is intended primarily for VHF 
amplifier service in military and industrial applications. It 
also is extremely well suited for use in dc and low-frequency 
amplifier applications requiring a transistor having high 
power gain, very high input impedance, and low gate leakage. 

The 3N143 is designed for use as a VHF mixer and oscillator. 
Because of their improved transfer characteristic and in- 
creased dynamic range the 3N128 and 3N143 provide 
substantially better cross-modulation performance in linear 
amplifier applications than conventional (bipolar) transistors 
and are free from diode-current loading common to junction 
type FET’s. These transistors are hermetically sealed in 
JEDEC TO-72 metal packages. 


Performance Features 

■ Large dynamic range 

■ Greatly reduces spurious responses in rceiver front ends 

■ Permits use of vacuum-tube biasing techniques 

■ Excellent thermal stability 

■ Superior crossmodulation capability 

Device Features 

■ Low noise figure (3N128) - 3.5 dB typ. at 200 MHz 

■ High VHF amplifier gain (3N128) - 16 dB typ. at 200 MHz 

■ Low input capacitance — 5.5 pF typ. 

■ High transconductance — 7500 /imho typ. 

■ High input resistance — 10*14 £2 typ. 

■ High conversion gain (3N143, mixer) — 13.5 dB typ. at 
200 MHz 


Application data for RCA-3N128, including biasing re- 
quirements, basic circuit configurations, selection of opti- 
mum operating point, and methods for automatic gain 
control are given in RCA Application Note AN-3193, 
“Application Considerations for the RCA-3N128 VHF MOS 
Field-Effect Transistor”. 


* Metal-Oxide -(Semiconductor. 


Maximum Ratings, Absolute-Maximum Values at T A * 25° C: 


♦DRAIN-TO-SOURCE VOLTAGE, V DS +20 V 

♦DRAIN-TO-GATE VOLTAGE, V DG +20 V 

*GATE-TO-SOURCE VOLTAGE, V G s: 

Continuous dc +1,-8 V 

Peak ac ±15 V 

*DRAIN CURRENT, I D 50 mA 

*TRANSISTOR DISSIPATION, P T : 

At Ambient up to 25 °C 330 mW 

Temperatures above 25 Derate 2.2 mW/°C 

♦AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175°C 

♦LEAD TEMPERATURE (During soldering): 

At distances not closer than 1/32 inch to 

seating surface for 10 seconds maximum 265 °C 


♦In accordance with Jedec Registration Data Format JS9-RDF11B. 
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ELECTRICAL CHARACTERISTICS: (At T A = 25° C) 

Measured with Substrate Connected to Source Unless Otherwise Specified. 






LIMITS 



CHARACTERISTIC 

SYMBOL 

CONDITIONS 

3N128 

3N143 

UNITS 





MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


* 

Gate Leakage Current 

'gss 

Vqs = 0, V gs = -8VTa=25°C 

Vds = 0. V GS = -8VT A =125°C 



0.1 

50 

5 

- 

0.1 

1000 

200 

PA 

nA 

* 

Zero-Bias Drain Current 

>dss 

V D S= 15 V, V GS = 0 

5 

15 

25 

5 

15 

30 

mA 

* 

Drain-to- Source Cutoff Current 

l D (°ff) 

V DS = 20 V. V GS = -8V 



- 

50 

- 

- 

50 


* 

Gate-to-Source Cutoff Voltage 

V G $W 

V DS = 15 V, l D =50/xA 


B 

1 

a 


ID 

B 

V 

* 

Forward Transconductance 

gfs 

V D s = 15 V, ! D = 5mA. f = 1kHz 







/imho 

* 

Drain-to-Source Channel Resistance 

r DS( on ) 

V DS = °. V GS = 0,f = lkHz 





- 

- 


- 

n 

* 

Small-Signal Short-Circuit 

Reverse Transfer Capacitance A 

^rss 

V D S = 15V, | D=5mA,f=0.1to 1MHz 


5U 



51 


m 

* 

Small-Signal Short-Circuit Input Capacitance 

Ciss 

Vqs = 15V,Iq =5mA,f=0.1 to 1MHz 



S3 

7 

- 

El 

1 

m 




Common-Source Configuration 










* 

Input Admittance 

Yjs 

f = 200 MHz 

- 

0.4+J7.3 

- 

- 


- 

mmho 

* 

Forward Transfer Admittance 

^ss 

V os = 15 Volts 

- 


7 — J2 


- 

- 

- 

- 

mmho 

* 

Output Admittance 

^os 

Iq = 5mA 

- 

0.28 +J 1.8 

- 

- 

- 

- 

mmho 

* 

Maximum Available Power Gain 

MAG 

Vqs = 15 V, l D = 5 mA, f = 200 MHz 



21 






dB 

* 

Insertion Power Gain (Fixed Neutralization) 
See Fig. 1 

G PS 

13.5 

16 



- 

- 

- 

dB 


Power Gain (Conversion 
(See Fig. 3) 

<W C ) 

V DS = 15 V, l D = 1mA, fj n = 200 MHz 
W = 30 MHz 



- 



10 

13.5 

- 

dB 


Noise Figure (See Fig. 1 & 2) 

NF 

V DS = 15 V, !d = 5mA, f = 200MHz 



3.5 

rr 

- 

- 

- 

- 


♦Inaccordance with JEDEC Registration Data Format JS9-RDF-11B. 
A Three-Terminal Measurement: Source Returned to Guard Terminal. 



Ci. C 2 : 1.5-5 pF variable air capacitor: E. F. Johnson Type 160-102 
or equivalent 

C 3 : 1-10 pF piston-type variable air capacitor: JFD Type VAM-010, 
Johanson Type 4335, or equivalent 

C., Cc*. 0.3-3 pF piston- type variable air capacitor: Roanwell Type 
4 5 MH- 13 or equivalent 


Lj: 5 turns silver-plated 0.02" thick, 0.07"-0.08" wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65”. Tapped at 1-1/2 turns from Cl end 
of winding 

L 2 : Same as except winding length approx. 0.7"; no tap. 


Fig. 1 - Test circuit used to measure 200-MHz maximum 
usable power gain and noise figure for 3N128 
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GATE -TO- SOURCE VOLTS (V G c) 


92CS-I6092 DRAIN Ml LLIAMPERES (I 0 ) 

92CS- 16093 

Fig . 6 -Forward transconductance vs. gate bias voltage Fig . 7 -Forward transconductance vs. drain current 
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Typical Y-Parameters for Types 3N128 and 3N143 


3N128, 3N143 


COMMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 4 
AMBIENT TEMPERATURE (Ta)=25»C ? 

FREQUENCY ( f ) * 200 MHz 
DRAIN-TO- SOURCE VOLTS (Vos)* + '5 


I ::::::::::: 
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COMMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (Ta) = 25°C 
FREQUENCY (f)= 200 MHz 
DRAIN MILL!AMPERES(Id) = 5 
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ORAIN MILL! AMPERES (Io I 

92CS-I6098 

Fig . 72- Forward transadmittance vs. drain current 
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5 10 15 20 

DRAIN-TO- SOURCE VOLTS tVos> 92CS-I6099 


Fig . 13 - Forward transadmittance vs. drain-to-source 
voltage 
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Typical Characteristics for Types 3N 128 and 3N143 




Fig. 14 ‘Output admittance vs. drain current Fig. 15 -Output admittance vs. drain-to-source voltage 


OPERATING CONSIDERATIONS 

The flexible leads of the 3N128 and 3N143 are usually 
soldered to the circuit elements. As in the case of any high- 
frequency semiconductor device, the tips of soldering irons 
should be grounded, and appropriate precautions should be 
taken to protect the devices against high electric fields. 

This device should not be connected into or discon- 
nected from circuits with the power on because high 
transient voltages may cause permanent danage to the device. 


TERMINAL DIAGRAM 



1 - Drain 

2 - Source 

3 - Insulated Gate 

4 - Bulk (Substrate) 

and Case 
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Solid State 
Division 


MOS Field -Effect Transistors 

N-Channel Depletion Type 


3N138 


Applications 

• Servo Amplifiers 

• Telemetry Amplifiers 

• Computer Operational Amplifiers 

• Sampling Circuits 

• Electrometer Amplifiers 

Features 

• excellent thermal stability 

• zero inherent offset voltage 

• low leakage current: 10 pA max. 

• low “on” resistance — 

n>s(on) = 240Q typ. (V G s = OV) 

• high “off" resistance — 

R,, s (off) = 10 10 ft typ. 

• low feedback capacitance — 

C ISS = 0.1 8pF typ. 

• low input capacitance — 

C iss = 3pF typ. 


SILICON INSULATED-GATE 
FIELD-EFFECT TRANSISTOR 
N-Channel Depletion Type 

For Critical Chopper Applications and 
Multiplex Service up to 60 MHz: 
it Military Communications, Navigation, 
and Instrumentation Equipment 
in Industrial Instrumentation and Control Circuits 



JEDEC 

TO-72 


RCA-3N138 is a silicon, insulated-gate field- 
effect transistor of the N-channel depletion type, 
utilizing the MOS* construction. It is intended pri- 
marily for critical chopper and multiplex applica- 
tions up to 60MHz. 

The insulated gate provides a very high value of 
input resistance (10 14 ohms typ.) which is relatively 
insensitive to temperature and is independent of 
gate-bias conditions (positive, negative, or zero 
bias). The 3N138 also features extremely low feed- 
through capacitance (0.18pF typ.) and zero inherent 
offset voltage. 

The 3N138 is hermetically sealed in the JEDEC 
TO-72 package and features a gate metallization that 
covers the entire source-to-drain channel. 

* Metal-Oxide-Semiconductor. 


TERMINAL DIAGRAM 



1 - Drain 

2 - Source 

3 - Insulated Gate 

4 - Bulk (Substrate) 

and Case 


Maximum Ratings, Absolute-Maximum Values: 

(Substrate connected to source unless otherwise specified) 


DRAIN-TO-SOURCE 

VOLTAGE, Vos +35 max. V 

DRAIN-TO-SUBSTRATE 

VOLTAGE, Vdb +35, -0.3 max. V 

SOURCE-TO-SUBSTRATE 

VOLTAGE, Vsb +35, -0.3 max. V 

DC GATE-TO-SOURCE 

VOLTAGE, Vcs ±10 max. V 

PEAK GATE-TO-SOURCE 

VOLTAGE, Vcs ±14 max. V 

PEAK VOLTAGE, GATE-TO-ALL 
OTHER TERMINALS: Vcs, Vct», 

Vgb, non-repetitive ±45 max. V 


DRAIN CURRENT, Ip (Pulse duration 

20 ms, duty factor < 0.10) 50 max. mA 

TRANSISTOR DISSIPATION, Pt: 

At ambient temperatures up to 25°C . 330 max. mW 

above 25°C Derate linearly at 2.2 mW/°C 

AMBIENT TEMPERATURE 
RANGE: 

Storage -65 to +150 °C 

Operating —65 to +125 °C 

LEAD TEMPERATURE 
(During Soldering) : 

At distances > 1/32" to seating sur- 
face for 10 seconds max. 265 max. °C 


8-67 
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ELECTRICAL CHARACTERISTICS, at T A = 25° C, Unless Otherwise Specified. Substrate Connected to Source. 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

Type 3N138 

UNITS 

Min. 

Typ. 

Max. 

Gate-Leakage Current 

loss 

V GS = ±10,V D s = 0,Ta=25°C 

Vgs = ±10, Vos = 0, T A = 125°C 

- 

0.1 

20 

10 

200 

PA 

pA 

Drain-to-Source "ON" Resistance 

rus(on) 

V GS = 0, V„s = 0, f = 1 KHz, T a = 25°C 

Vos = +10, Vos = 0, f = 1 KHz, T a = 25°C 
Vgs = 0, V„s = 0, f = 1 KHz, T A = 125°C 

- 

240 

135 

350 

350 

12 

it 

12 

Drain-to-Source "OFF" Resistance 

Rns(off) 

Vgs = — 10, Vos = +1 

2X 10* 

101 o 

- 

12 

Drain-to-Source Cutoff Current 

ln(off) 

Vgs = —10, Vos = +1, Ta = 25°C 

Vg S = -10, Vos = +1, T A = 125°C 

- 

0.01 

0.01 

5 

0.5 

nA 

mA 

Small-Signal, Short-Circuit, Reverse 
Transfer Capacitance 

C r ,, 

Vgs = —10, V„s = 0, f = 1 MHz 

- 

0.25 

0.4 

PF 

Small-Signal, Short-Circuit, Input 
Capacitance 

Ci*s 

Vgs = -10, Vos = 0, f = 1 MHz 

- 

3 

5 

PF 

Zero-Gate-Bias Forward Transconductance 

gfs 

Vos = 12 , 1 D = 5 mA 

- 

6000 

- 

Mmho 

Offset Voltage 

Vo 

Vgs = ±10, Vos = 0 

- 

0* 

- 

V 


* in measurements of Offset Voltage, thermocouple effects and contact having a low thermal e.m.f. such as Leeds & Northrup No. 107-1.0.1, 

potentials in the measurement setup may cause erroneous readings of 1 or equivalent, 
microvolt or more. There errors may be minimized by the use of solder 


OPERATING CONSIDERATIONS 


The flexible leads of the 3N138 are usually 
soldered to the circuit elements. As in the case of 
any high-frequency semiconductor device, the tips of 
soldering irons should be grounded, and appropriate 
precautions should be taken to protect the device 
against high electric fields. 


This device should not be connected into or 
disconnected from circuits with the power on be- 
cause high transient voltages may cause permanent 
damage to the device. 
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Solid State 
Division 


MOS Field -Effect Transistors 

N-Channel Depletion Type 

3N139 


RCA 3N139 is a silicon, insulated-gate field- 
effect transistor of the N-channel depletion type, 
utilizing the MOS* construction. It is a general purpose 
transistor especially suited for audio, video, and rf 
applications, and for wide-band amplifier designs. The 
insulated gate provides a very high input resistance 
(10 14 H typ.) which is relatively insensitive to tempera- 
ture and is independent of gate-bias conditions (positive, 
negative, or zero bias). The 3N139 also has a high 
transconductance, a low value of input capacitance 
(3 pF typ.), and a very low feedback capacitance 
(0.19 pF typ.). 

The 3N139 is hermetically sealed in the standard 
4-lead JEDEC TO-72 package. 


Maximum Ratings, Absolute -Maximum Values: 


DRAIN-TO-SOURCE VOLTAGE, V DS ... +35 max. 

DRAIN-TO-SUBSTRATE VOLTAGE, V DB +35, -0.3 max. 
SOURCE-TO-SUBSTRATE 

VOLTAGE, V S b + 35, -0.3 max. 

DC GATE-TO-SOURCE VOLTAGE, V GS . ±10 max. 

PEAK GATE-TO-SOURCE VOLTAGE, VGS ±14 max. 

PEAK VOLTAGE, GATE-TO-ALL OTHER 
TERMINALS; V GS , V GD , V GB , non- 
repetitive ±42 max. 

DRAIN CURRENT, I D 50 max. 


V 

V 

V 

V 

V 

V 
mA 


TRANSISTOR DISSIPATION, P T : 

At ambient temperatures up to 25°C 330 mW 

above 25°C Derate linearly at 2.2 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage -65 to +175 °C 

Operating -65 to +175 °C 

LEAD TEMPERATURE (During Soldering): 

At distance not closer than 1/32 inch to 

seating surface for 10 seconds max. . . 265 max. °C 

* Metal-Oxide-Semiconductor 


I 


SILICON MOS TRANSISTOR 

For Audio, Video, and 
RF Amplifier Applications 

in Military Communications, 
Instrumentation, & Navigation Equipment 
in Mobile and Fixed Communication 
Equipment 


JEDEC 

TO-72 


in Industrial Instrumentation and 
Control Circuits 


FEATURES 

• high input resistance 

R gs =1014 0 typ. 

• tow input capacitance 

C isJ =3pF typ. 

••low feed back| capacitance 
C rss = 0.2 pF typ. 

• low gate leakage current 

*gss =0 - 1 nA# yp- 

• high drain- to- source voltage: +35 max. V 
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ELECTRICAL CHARACTERISTICS, at T, = 25° C Unless Otherwise Specified. Bulk (Substrate) Connected to Source 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

FREQUENCY 

f 

DC 

DRAIN-TO- 

SOURCE 

VOLTAGE 

Vds 

DC 

GATE-TO- 

SOURCE 

VOLTAGE 

Vgs 

DC 

DRAIN 

CURRENT 

Id 

MHz 

V 

V 

mA 

Min. 

Typ. 

Max. 

Drain-to-Source Cutoff Current 

Id(OFF) 


15 

-8 


- 

- 

50 

mA 

Zero-Bias Drain Current* 

•dss 


15 

0 


5 

15 

25 

mA 

Gate Reverse Current 

'GSS 

T a = 25°C 

0 

±10 


- 


1 

nA 

T a = 100°C 

0 

±1° 


- 

- 

100 

nA 

Gate-to-Source Cutoff Voltage 

Vgs(OFF) 


15 


0.05 

-2 

-4 

-6 

V 

Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate) 

Crss 

1 

15 


5 

0.05 

0.2 

0.4 

PF 

Input Resistance 

r is 

100 

15 


5 


12 

- 

kft 

Input Capacitance 

Cjss 

100 

15 


5 

- 

3 

10 

PF 

Output Resistance 

r os 

100 

15 


5 


6 

- 

WSl 

Output Capacitance 

Cess 

100 

15 


5 

- 

1.4 

- 

PF 

Forward Transconductance 

9fs 

1 kHz 

15 

1 

5 


5 

- 

mmho 
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Fig. 1 — Reverse Transadmittance vs Frequency 


Fig. 2 — Reverse Transadmittance vs Drain Current 
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Fig. 15—1 KHz forward transconductance vs drain current 



Fig. 16 — 1 KHz forward transconductance vs gate-to-source 
voltage 


TERMINAL ARRANGEMENT 



1 - Drain 

2 - Source 

3 - Insulated Gate 

4 - Bulk (Substrate) 

and Case 
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Solid State 
Division 


MOS Field- Effect Transistors 

N-Channel Depletion Types 

3N140 

3N141 


RCA-3N140 and 3N141* are n-channel silicon, depletion 
type, dual insulated-gate, field-effect transistors util- 
izing the MOS** construction. They have exceptional 
characteristics for rf-amplifier and mixer applications at 
frequencies up to 300 MHz. These transistors feature a 
series arrangement of two separate channels, each 
channel having an independent control gate. 

The 3N140, used in a common-source configuration in 
which gate No.2 is ac grounded, reduces oscillator feed- 
through to the antenna thereby minimizing oscillator 
radiation. The 3N141 provides excellent isolation be- 
tween the oscillator and rf signals because each of the 
two signal frequencies being mixed has its own control 
element. 

The mixing function performed by the 3N141 is unique in 
that the signal applied to gate No.2 is used to modulate 
the input-gate (gate No.l) transfer characteristic. This 
technique is superior to conventional “square law” 
mixing, which can only be accomplished in the non- 
linear region of the device transfer characteristic. 

The use of the 3N141 as described provides high useful 
conversion gains at all vhf frequencies, and the reduc- 
tion in spurious responses is substantial and easily 
obtainable in simple circuits. 

The 3N140 and 3N141 are hermetically sealed in metal 
JEDEC TO-72 packages. 

* Formerly Dev. Nos. TA2644 and TA7274, respectively. 

** Metal-Oxide-Semiconductor. 


SILICON DUAL INSULATED-GATE 

FIELD-EFFECT TRANSISTORS 


N-Channel Depletion Types 

For Military and Industrial 
Amplifier and Mixer Applications 
Up to 300 MHz 

JEDEC TO-72 

APPLICATIONS 

• RF amplifier and mixer in military and industrial 
communications equipment 

• aircraft and marine vehicular receivers 

• CATV and MATY equipment 

• telemetry and multiplex equipment 



PERFORMANCE FEATURES 

• wide dynamic range permits large-signal handling 
before overload 

• dual-gate permits simplified age circuitry 


Maximum Ratings, Absolute-Maximum Values, at T ^ = 25°C 


DRAIN-TO-SOURCE VOLTAGE, V DS . . 0 to +20 V 

GATE No. 1-TO-SOURCE VOLTAGE, V G i s : 

Continuous (dc) -8 to +1 V 

Peak ac -8 to +20 V 

GATE No. 2-TO-SOURC E VOLTAGE, V G2 s: 

Continuous (dc) -8 to 40% of Vps V 

Peak ac -8 to +20 V 


DRAIN-TO-GATE VOLTAGE, 

V DG1 OR Vd G 2 +20 V 

DRAIN CURRENT, I D 

(Pulsed): Pulse duration < 20 ms, 

duty factor <0.15 50 mA 

TRANSISTOR DISSIPATION, P x : 

At ambient ) up to 25°C 400 mW 

temperatures ) above 25°C derate linearly at 

2 gy j— yj /Oq 

AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 °C 

LEAD TEMPERATURE (During soldering): 

At distances > 1/32 inch from 

seating surface for 10 seconds max. . 265 °C 


• virtually no age power required 

• greatly reduces spurious responses in fm receivers 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

• superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET’s 

DEVICE FEATURES 

• low gate leakage currents - - 

IG1SS & IG2SS = 1 nA max. at T^ = 25°C 

• high forward transconductance - - 

gf s = 6000 pmho min. 

• high unneutralized RF power gain — 

Gp S = 16 dB min. at 200 MHz 

• low VHF noise figure — 4.5 dB max. at 200 MHz 
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ELECTRICAL CHARACTERISTICS, at Ta = 25°C Unless Otherwise Specified. Common-Source Circuit. 


CHARACTERISTICS 


TEST CONDITIONS 

LIMITS 

UNITS 

TYPE,3N140 

RF AMPLIFIER 

TYPE 3N141 

MIXER 

If! 

KBS 



K 




V DS = + 16V, l D • 200 mA 

V G2S = + 4V 

- 

n 

D 

* 



fl 

Gate No.2-to-Source Cutoff Voltage 

V G2s (off) 

V DS = +16V - 'D = 200 

V G1S = 0 

- 

-2 

-4 

- 

B 

B 

B 

Gate No.l Leakage Current 

kiiss 

V G1S * -“V. V G2S = 0 
v DS=0. t A'25°C 

- 

- 

1 

- 

B 

B 

nA 

V G1S = ,1V . V G2S ' 0 

V DS * 0. t A = 25 S C 

* 

* 

B 

- 

- 

1 

nA 

V G1S'- 20V . V G2S'° 

V DS = ». T A = 125°C 

- 

- 


- 

- 



Gate No.2 Leakage Current 

! G2SS 

V G2S ” ‘ 20v ’ V G1S = 0 

V DS = 0.T A = 25'>C 

- 


1 

- 

- 

1 

nA 

V G2$ = +lv 

V DS' 0 ’ V G1S = 0 . T A = 2 5 OC 

- 

- 

1 

- 

- 

B 

nA 

V G2S - -20V, V G , S = 0 
v OS ' 0. T A = 12 5°C 

- 

- 

B 

- 

- 

H9| 

m a 

Zero-Bias Drain Current 

! dss* 

v DD = .uv,v Gls = o, 

V G2S ” 

5 

18 


5 



mA 

Forward Transconductance 
(Gate No.l to Drain) 

Sfs 

V DD = +14v . Id = 10 mA 

V G2S = +4V * f = 1 kHz 

6000 

10000 

18000 

6000 

10000 

18000 

yumho 

Cutoff Forward Transconductance 
(Gate No.l to Drain) 

g fs (° ff ) 

V dd = +14V, V Gls = -0.5V 
V G2S = * 2V * f = 1 kHz 

- 

- 


- 

- 

- 

Atmho 

Small-Signal, Short-Circuit 

Input Capacitance 4 

C iss 

V DS = +13V > 'd = 10 mA 

V G2$ = +4V * f = 1 MHz 

3 

5.5 

7 

3 


7 

pF 

Small-Signal, Short-Circuit Reverse 
Transfer Capacitance (Drain to 

Gate No.l) 4 

B 

V DS =+13v » >D = 10 mA 

Vq 2 $ = +4V, f = 1 MHz 

0.01 



0.01 

0.02 

0.03 


Small-Signal Short-Circuit 

Output Capacitance 


V D$ = +13V, l D = 10 mA 

Vq 2 s = +4V, f = 1 MHz 

- 


- 

- 

m 

- 

pF 

Power Gain (See Fig.l 
for Measurement Circuit) 

°ps 

V DD = +15v * R S = 270 
f = 200 MHz, R q = 50 O 

16 

18 

- 

* 


- 

dB 

Conversion Power Gain 

(See Fig.2 for Measurement Circuit) 

G psc 

Vqd = + 15V, R s = 120fi, 
f, N = 200 MHz, f QUT = 30 MHz 
Oscillator injection voltage* 

= 2.5 V (rms) 


- 

- 

13 

17 

* 

dB 

Measured Noise Figure 

(See Fig.l for Measurement Circuit) 

NF 

V DD = +15V * R S = 270 ^ 
f = 200 MHz, R q = 50H 

* 

3.5 

4.5 

* 

» 

- 

dB 


* Pusle test: Pulse duration < 20 ms, duty factor < 0.15. * Three-Terminal Measurement with Gate No.2 and Source Returned to 

* Capacitance between Gate No.l and all other terminals. Guard Terminal. 

* Measured from gate No.2 to source. 
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3N140, 3N141 



Q = 3N140. 

T Disc ceramic. 

* Tubular ceramic. 

u Ferrite bead (1/2 used); Indiana General No.Hl742C-(A-147), 
F-1157-1-H 

All resistors in ohms 
All capacitors in pF 


C,, C 2 : 1.5-5 pF variable air capacitor: E.F. Johnson Type 160-102 
or equivalent. 

C,: 1-10 pF piston-type variable air capacitor: JFDTypeVAM- 
010, Johanson Type 4335, or equivalent.. 

C.: 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
MH-13 or equivalent. 

Lj: 5 turns silver-plated 0.02" thick, 0.07 -0.08 " wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from C\ endof 
winding. 

I_ 2 '. Same as L* except winding length approx. 0.7 * no tap. 


Fig. 1 - 200 MHz power gain and noise figure test circuit 
for type 3N140. 



Q = 3N141. 

T Disc ceramic. 

* Tubular ceramic. 
All resistors in ohms 
All capacitors in pF 


Ci, C 2 : 1.5-5 pF variable air capacitor: E.F. Johnson Type 160-102 
or equivalent. 

Cv. 1-10 pF piston-type variable air capacitor: JFDTypeVAM- 
. 010, Johanson Type 4335, or equivalent. 

C.: 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
MH-13 or equivalent. 

Li: 5 turns silver-plated 0.02" thick, 0.07 -0.08 " wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from Ci endof 
winding. 

L 2 : Ohmite Z-144 RF choke or equivalent. 

L 3 : J.W. Miller Co. #4580 0.1 /4H RF choke or equivalent. 

Note: If 50Q meter is used in place of sweep detector, a low pass 
filter must be provided to eliminate local oscillator voltage 
from load. 


gain test circuit 


for type 3N141. 


OPERATING CONSIDERATIONS 


The flexible leads of the 3N140 and 3N141 are usually 
soldered to the circuit elements. As in the case of any 
high-frequency semiconductor device, the tips of sol- 
dering irons should be grounded, and appropriate pre- 
cautions should be taken to protect the devices against 


high electric fields. 

These devices should not be connected into or discon- 
nected from circuits with the power on because high 
transient voltages may cause permanent damage to the 
devices. 
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TYPICAL CHARACTERISTICS FOR TYPES 3N140, 3N141 
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3N140, 3N141 


TYPICAL CHARACTERISTICS FOR TYPES 3N140, 3N141 
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File No. 286 


UKM] 

Solid State 
Division 


MOS Field -Effect Transistors 

N-Channel Depletion Type 

3N142 



Silicon MOS Transistor 

For Industrial and Military Applications to 175 MHz 


Applications 

• RF amplifier. Mixer, and Oscillator in: 
CB and Mobile Communication Receivers 
Aircraft and Marine Receivers 

CATV and MATV Equipment 

• Industrial Control Circuits 

• Variable Attenuators 

• Current Limiters 

• Instrumentation Equipment 

• High-Impedance Timing Circuits 


The-3N142 is a silicon, insulated-gate field-effect 
transistor of the N-channel depletion type utilizing the 
MOS" construction. 

The-3N142 is intended primarily for use as the rf 
amplifier in FM receivers and general amplifier applica- 
tions at frequencies up to 175 MHz. 

The wide dynamic range of the 3N142 reduces cross- 
modulation effects in AM receivers and .minimizes the 
generation of spurious responses in FM receivers. 

* Metal-Oxide-SemiconduCtor 


Maximum Ratings, Absolute-Maximum Values at T ^ - 25° C 

* DRAIN-TO-SOURCE 

VOLTAGE, Vds +20 V 

* DRAIN-TO-GATE 

VOLTAGE, Vug +20 V 

* GATE-TO-SOURCE 

VOLTAGE, Vgs: 


Continuous 

. +1 to -8 

V 

Peak ac 

. ±15 

V 

♦DRAIN CURRENT, In 

. 50 

mA 

♦TRANSISTOR DISSIPATION, P T : 

At ambient f up to 25 °C 

. 330 

mW 

temperatures | above 25 °C 

. Derate 

at 2.2mW/°C 


♦AMBIENT TEMPERATURE 
RANGE: 

Storage —65 to +175 °C 

Operating -65 to +175 °C 


Performance Features 
m Large dynamic range 

■ Enhanced signal-handling capability for low 
cross-modulation 

■ Dual-polarity gate permits positive and negative 
swing without degradation of input impedance 

■ Reduced spurious responses in FM receivers 

■ Permits use of vacuum-tube biasing techniques 

■ Excellent thermal stability for critical oscillator 
designs 

Device Features 

■ High input resistance - 1000 megohms 

■ Low feedback capacitance - 0.35 pF max. 

■ Low noise figure - 2.5 dB typ. 

-■ High useful power gain - 

neutralized - 16 dB min. at 100 MHz 
• Hermetically sealed TO - 72 metal package 


* LEAD TEMPERATURE 
(During Soldering) : 

At distances ^ 1/32" from seating 
surface for 10 seconds max 265 °C 


* In accordance with JEDEC Registration Data Format JS-9 
RDF11-B 
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3N142 


ELECTRICAL CHARACTERISTICS: (At T A = 25° C) 

Measured with Substrate Connected to Source Unless Otherwise Specified. 








LIMITS 





CHARACTERISTICS 

SYMBOLS 

CONDITIONS 






UNITS 





Min. 

Typ- 

Max. 





VDS = 0 , Vq S = -8 V. T A = 25°C 



0.0001 


1 

n A 


Gate Leakage Current 


Vds =0. Vqs = -8 V,Ta = 125°C 




200 

nA 

* 

>GSS 

Vds-O, Vgs--1.Ta = 25°C 



0.0001 


1 

nA 




V D S-0. VQS = ♦ 1. Tft = 125° c 




200 

nA 

* 

Zero-Bias Drain Current** 

•dss 

vds =15 v, v GS = o 

5 

15 

25 

mA 

* 

Drain-to-Source Cutoff Current 

iD(off) 

vds = 20V, vqs=-8 v 

- 


50 

/xA 

* 

Gate- to- Source Cutoff Voltage 

V GS (of[) 

vds = 15 v, i 0 = 50 ^ a 

-0.5 

-3 

-8 

V 

* 

Forward Transconductance 

gfs 

Vds = 15 v. Id - 5 mA. f= 1 kHz 

5000 

7500 

12,000 

/xmho 

* 

Drain-to-Source Channel Resistance 

r DS(° n ) 

Vds = 0 . v GS - 0 , f = 1 kHz 


200 


n 

* 

Small-Signal Short-Circuit . 

* Reverse Transfer Capacitance"*" 

Crss 

VDS= 15 v. Id = 5 mA. f =0.1 to 1 MHz 








0.10 

0.22 

0.35 

PF 

* 

Small-Signal Short-Circuit Input Capacitance 

Cjss 

Vds = 15 V, Id = 5 mA, f = 0.1 to 1 MHz 


5.5 

7 

PF 

* 

Input Admittance 

Y is 

Common Source Configuration 
f = 100 MHz 

• 

0.155+J3.45 

* 

mmho 










* 

Forward Transfer Admittance 

Y fs 

Vds = 15V 

- 

_ 

7.5-J0.9 

- 

mmho 

* 

Output Admittance 

Y os 

Iq = 5 mA 

- 

0.21+J0.9 

• 

mmho 

* 

Maximum Available Power Gain 

MAG 


- 

26 




Maximum Usable Power Gain 

MUG 




17 



dB 


(Fixed Neutralization) 

Vds = 15 V. Id = 5 mA, f = 100 MHz 






* 

Insertion Power Gain** 


16 




dB 


(Fixed Neutralization) 

Gps 





* 

Noise Figure** 

NF 

Vds = 15 v, Id = 5 mA, f= 100 MHz 


2.5 

4 

dB 


* In accordance with JEDEC Registration Data Format JS-9 RDF-11B X Three-Terminal Measurement: Source Returned to Guard Terminal 

**See Fig. 1 



Tj Ni = 6 Turns«20 Tinned Copper Wire; 14" I.D. %" Long 
Qo = 205. Ni/N 2 = 4.85 

T2 Ni + N4 = 6% Turns#20 Tinned Copper Wire 14" I.D. ^le'Long 
Qq = 190 N 1/N2 = 1.9 N 1/N3 = 12.3 N1/N4 = 8 


C-| = 10 p F Variable Air Capacitor (Hammarlund Mac-10 or Equivalent) 

C2 = 5 pF Variable Air Capacitor (Hammarlund Mac-5 or Equivalent) 

C3 = 0.7-3 p F Piston-Type Variable Air Capacitor (Erie 535C or Equivalent) 
Q = 3N142 


Fig. 1 - Test Set Up for 100 MHz Insertion Power Gain and 
Noise Figure 
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3N142 


TYPICAL y PARAMETER CHARACTERISTICS (Cont'd) 



Fig. 8 - Input Admittance vs. Frequency 





Fig. 1 1 - Output Admittance vs. Frequency 
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DRAIN-TO- SOURCE VOLTS <V 0S ) 92CS-IT007 


0 2 


DRAIN MILLIAMPERES ( I 0 ) 


92CS-I7006 


Fig. 12 - Forward Transadmittance vs. Drain-to-Source 
Voltage 


Fig. 13 ■ Forward Transadmittance vs. Drain Current 






ORAIN MILLIAMPERES (Id) 


FREQUENCY (f)— MHz 


Fig. 16 • Reverse Transadmittance vs. Drain Current 


Fig. 17 - Reverse Transadmittance vs. Frequency 


TERMINAL DIAGRAM 



LEAD 1 - DRAIN 

LEAD 2- SOURCE 

LEAD 3- INSULATED GATE 

LEAD 4 - BULK (SUBSTRATE) AND CASE 
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Solid State 
Division 


MOS Field -Effect Transistors 

N-Channel Depletion Type 

3N152 



Silicon MOS Transistor 

For Low-Noise RF Applications in Military & 
Industrial VHF Communications Equipment 
Operating up to 250 MHz 


RCA-3N152 is an N-channel depletion-type silicon insulated 
gate field-effect transistor utilizing the MOS n construction. It 
is intended primarily for VHF amplifier applications up to 
250 MHz in military and industrial equipment. 

Because of its improved transfer characteristic and ex- 
ceptionally wide dynamic range, the 3N152 with the 
substrate in the reversed bias mode can provide substantially 
better cross-modulation performance in linear amplifier 
applications than conventional bipolar transistors. The insu- 
lated gate with its extremely low reverse (leakage) current 
eliminates the problem of diode-current loading of the input 
circuit under strong input conditions, which is common to 
junction-type FET’s. These features in addition to low 
feedback capacitance permit the design of circuits providing 
superior high-frequency operation and high gain without 
neutralization. The 3N152 utilizes full-gate construction and 
is hermetically sealed in a JEDEC TO-72 metal package. 

■ Metal-Oxide-Semiconductor. 

Maximum Ratings, Absolute-Maximum Values at T A ** 25° C: 


* DRAIN-TO-SOURCE VOLTAGE, V DS +20 max. V 

* DRAIN-TO-G ATE VOLTAGE, V DG +20 V 

*GATE-TO-SOURCE VOLTAGE, V GS : 

* CONTINUOUS (dc) +1,-8 max. V 

* PEAK ac ±15 max. V 

* DRAIN CURRENT, I D 50 max. m A 

TRANSISTOR DISSIPATION: 

At ambient Iupto25°C 330 max. mW 

temperatures) above 25 °C derate at 2.2 mW/°C 

* AMBIENT TEMPERATURE RANGE: 

Storage -65 to +175 °C 

Operating -65 to +175 °C 

* LEAD TEMPERATURE (During Soldering): 

At distances not closer than 1/32 inch to 

seating surface for 10 seconds maximum 265 max. °C 


*In accordance with Jedec Registration Data Format JS-9 RDF 1 1-B. 


Features 

• Low gate leakage current — 

•gSS 1201 P At VP* 

• Low feedback capacitance — 

c rss = 0 25 P F WP- 

• High forward transconductance — 

gf s = 7500 /imho typ. 

• High vhf power gain — 

Gps = 16 dB typ. at 200 MHz 

• Low vhf noise figure — 

N F = 2.5 dB typ. at 200 MHz 

• Exceptionally good cross-modulation characteristics 

Performance 

© Large dynamic range 

• Greatly reduced spurious responses 

• Permits use of vacuum-tube biasing techniques 

• Excellent thermal stability 

• Superior cross-modulation performance and greater 
dynamic range than bipolar transistors 
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ELECTRICAL CHARACTERISTICS AT Ta = 25°C 

Measured with Substrate Connected to Source Unless Otherwise Specified 





LIMITS 


CHARACTERISTICS 

SYMBOLS 


3N152 

UNITS 


Min. 

Typ. 

Max. 

Gate Leakage Current 

'gss 

V DS = 0. V GS = -8V. T a = 25°C 


0.0001 

1 

nA 

V DS = 0. V GS = -8 V. T a = 1 25 °C 



200 

n A 

Zero-Bias Drain Current 

'dss 

V DS = 15 V. V GS = 0 

5 

15 

30 

mA 

Drain-to-Source Cutoff Current 

l D <off) 

V DS = 20 V. V GS = -8V 



50 

pA 

Gate-to-Source-Cutoff Voltage 

V GS (of , l 

V DS = 15 V, l D = 50pA 

-0.5 

-3 

-8 

V 

Forward Transconductance 

9fs 

Vqs = 15 V, l D = 5 mA, f = 1 kHz 

5000 

7500 

12.000 

(imho 

Drain-to-Source Channel Resistance 

r DS< on > 

V DS = 0. V GS = 0, f = 1 kHz 


200 


il 

Small-Signal Short-Circuit 

Reverse Transfer Capacitance* 

Crss 

V DS = 15 V, l D = 5 mA. f = 0.1 to 1 MHz 

0.15 

0.25 

0.35 

pF 

Small-Signal Short-Circuit Input Capacitance 

c iss 

V DS = 15 V. Iq = 5 mA, f = 0.1 to 1 MHz 


5.5 

7 

PF 

Input Admittance 

Y is 

Common Source Configuration 
f = 200 MHz 


0.4 + J7.3 


mmho 

Forward Transfer Admittance 

Yfs 

V DS = 15 V. 


7-J2 


mmho 

Output Admittance 

Y o S 

Iq = 5 mA 


0.28 + J1.8 


mmho 

Power Gain 

Maximum Available Gain 

MAG 



21 


dB 

Insertion Power Gain (Fixed jization) 
Neutralization) See Fig.1 

GPS 

Vqs = 15 V. Iq = 5 mA, » - 200 MHz 

14.5 

16 


dB 

Noise Figure (See Figs. 1 & 2) 

NF 

V DS = 15 V, Iq = 5 mA, 1 - 200 MHz 


2.5 

3.5 

dB 


* Three-Terminal Measurement. Source Returned to Guard Terminal. 

* In accordance with JEDEC Registration Data Format JS-3 RDF -1 IS. 



C-j, C 2 : 1.5-5 pF variable air capacitor: E. F. Johnson Type 160-102 

or equivalent 

C 3 : 1-10 pF piston-type variable air capacitor: JFD Type 

VAM-010, Johanson Type 4335, or equivalent 
C 4 , C 5 : 0.3-3 pF piston-type variable air capacitor: Roanwell Type 

MH-1 3 or equivalent 

l_ 1 : 5 turns silver-plated 0.02” thick, 0.07”-0.08” wide copper 

ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from C-| end 
of winding 

L 2 : Same as L-j except winding length approx. 0.7"; no tap 



200 MHz 


NOISE FIGURE 
METER 

POST 

— 

HP No 342A OR 

AMPLIFIER 


EQUIVALENT 


POWER 

SUPPLY 


92CS-I489I 


Fig. 1 - Test circuit used to measure 200-MHz maximum 
usable power gain and noise Figure. 


Fig. 2 - Noise figure measurement setup. 







INPUT CONDUCTANCE (flj s ) OR <5‘ I FORWARD TRANSFER CONDUCTANCE (Q f .) 

SUSCEPTANCE (bis)— MILLIMHOS — MILLIMHOS 
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TYPICAL 200 MHz COMMON-SOURCE ADMITTANCE (Y) COMPONENTS 




92CS-I6096 

Fig. 9 - Reverse Transadmittance vs Drain Current. Fig. 10- Reverse Transadmittance vs Drain-to-Source Voltage. 
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DRAIN-TO-SOURCE VOLTS (V DS ) 

92CS- 16099 


Fig. 1 1 - Forward Transadmittance vs Drain Current. F/g. 12 - Forward Transadmittance vs Drain-to-Source Voltage. 



92CS- 17000 

Fig. 13 - Output Admittance vs Drain Current. 



Fig. 14 - Output Admittance vs Drain-to-Source Voltage. 
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Fig. lb - input Admittance vs i-requency. 


Fig. 16- Reverse / ransaamittance vs frequency. 
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Fig. 1 7 - Forward Transadmittance i/s Frequency. 



Fig. 18 - Output Admittance vs Frequency. 
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Solid State 
Division 


MOS Field -Effect Transistors 

N-Channel Depletion Type 

3N153 


RCA 3N153 is a silicon, insulated-gate field-effect 
transistor of the N-ehannel depletion type, utilizing the 
MOS* construction. It is intended primarily for critical 
chopper and multiplex applications up to 60 MHz. 

The insulated gate provides a very high value of 
input resistance (10 10 ohms typ) which is relatively in- 
sensitive to temperature and is independent of gate-bias 
conditions (positive, negative, or zero bias). The 3N153 
also features extremely low feedback capacitance 
(0.34 pF typ) and virtually zero inherent offset voltage. 

This transistor features a Terminal Arrangement in 
which the gate and source connections are interchanged 
to provide maximum isolation between the output (drain) 
and the input (gate) terminals. Although this new basing 
configuration does not appreciably change the measured 
device feedback capacitance, it permits the use of 
external inter-terminal shields to reduce the feedback 
due to external capacitances, particularly on printed 
circuit boards. This feature makes it possible to mini- 
mize feedthrough capacitance. 

The 3N153 is hermetically sealed in the JEDEC 
TO-72 package and features a gate metallization that 
covers the entire source-to-drain channel. 


* Metal-Oxide-Semiconductor 

Maximum Ratings, Absolute-Maximum Values: 

(Substrate connected to source unless otherwise specified) 


DRAIN-TO-SOURCE VOLTAGE, V D s ... +20 max. V 

DRAIN-TO-SUBSTRATE VOLTAGE, Vdb- +20, -0.3 max. V 
SOURCE-TO-SUBSTRATE 

VOLTAGE, V S b +20.-0.3 max. V 

DC GATE-TO-SOURCE VOLTAGE, VgS • +6, -8 max. V 
PEAK GATE-TO-SOURCE 

VOLTAGE, vqs ±14 max. V 

DRAIN CURRENT, Id 
(P ulse duration 20 ms, duty factor 

ZO.10) 50 max. mA 

TRANSISTOR DISSIPATION, P T : 

At ambient temperatures 

from -65 to +25°C 400 max. mW 

above 25°C derate linearly at 2.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage -65 to +175 °C 

Operating -65 to +175 °C 

LEAD TEMPERATURE 
(During soldering): 

At distance ‘A 1/32" to septing 

surface for 10 seconds max 265 max, °C 


SILICON INSULATED 
GATE FIELD-EFFECT 
TRANSISTOR 


APPLICATIONS 

TERMINAL DIAGRAM 

• Choppers 

• Multiplexers 

• Servo Amplifiers 
e Computer Operational Amplifiers 

• Sampling Circuits 

• Electrometer Amplifiers 

FEATURES 

e excellent thermal stability 3 - Insulated Gate 

e virtually zero inherent offset voltage anc | case 
0 low leakage current: 50 pA max. 

0 low “on” resistance — rp^ on j = 200 Q typ. 

0 high “off” resistance — Rp$( 0 ff) = 10^® £ typ* 
e low feedback capacitance — C rss = 0.34 pF typ. 

0 low input capacitance — C* ss = 6 pF typ. 
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3N153 


ELECTRICAL CHARACTERISTICS, at T^ ~ 25° C, Unless Otherwise Specified. Substrate Connected to Source. 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

Type 3N153 

UNITS 

Min. 

Typ. 

Max. 

Gate-Leakage Current 

'gss 

V G s=+6,-8V;V DS =0V;Ta= 25°C 
Vgs=+6 1 -8V;V D s=0V;Ta = 125 o C 

- 

0.1 

50 

1 


Static Drain-to-Source 
“ON” Resistance 

r DS (o") 


■ 



n 

Drain-to-Source 
“OFF” Resistance 

R DS (°ff) 


m 


■ 

n 

Drain-to-Source 

Cutoff Current 



■ 


n 

nA 

Small-Signal, Short-Circuit, 

Reverse Transfer Capacitance 

IB 



0.34 

0.25 

0.5 

0.38 

PF 

PF 

Small-Signal, Short-Circuit, 

Input Capacitance 

^iss 

VGS=-8V, Vds= 0V, f = 1 MHz 

- 

n 

B 

PF 

Small-Signal, Drain-to-Source 
Capacitance 

c ds 

Vqs-OV, Vqs = -8V, f = 1 MHz 



3 

PF 

Zero-Gate-Bias 

Forward Transconductance 

Sfs 

VGS=0V, V DS = + 15V 


10,000 


/xmho 

Offset Voltage 

Vo 

VGS - +6,-8V; V DS =0V 


o* 


V 


* In measurements of Offset Voltage, thermocouple effects and contact potentials in the measurement setup may cause erroneous readings of 
1 microvolt or more. These errors may be minimized by the use of solder having a low thermal e.m.f., such as Leeds & Northrup No.107-1.0.1, 
or equivalent. 


OPERATING CONSIDERATIONS 


The flexible leads of the 3N153 are usually soldered 
to the circuit elements. As in the case of any high-fre- 
quency semiconductor device, the tips of soldering irons 
should be grounded, and appropriate precautions should be 
taken to protect the device against high electric fields. 


This device should not be connected into or dis- 
connected from circuits with the power on because 
high transient voltages may cause permanent damage 
to the device. 


TYPICAL CHARACTERISTICS 



92CS-I4944 

Fig.2 - Low-level drain current 
vs. drain-to-source voltage. 



92CS-I4943 

Fig.3 - Drain-to-source static resistance 
vs. gate-to-source voltage, 
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File No. 335 

DUCBZ/D MOS Field -Effect Transistor 

Solid State 

Division N-Channel Depletion Type 

3N154 



Silicon MOS Transistor 

For Critical Amplifier Applications in Military & Industrial 
VHF Communications Equipment Operating up to 250 MHz 

Device Feature: 

• Closely controlled IDSS — 10 to 25 mA 

e Low gate leakage current — IqsS = 0.1 pA typ. 

• Low feedback capacitance - C rss = 0.25 pF typ. 

• High forward transconductance — gf s = 7500 pmho typ. 

• High vhf power gain — Gps = 16 dB typ. at 200 MHz 

• Low vhf noise figure - N F = 3.5 dB typ. at 200 MHz 

• Exceptionally good cross-modulation characteristics 


RCA 3N154 is an n-channel depletion-type silicon 
insulated-gate field-effect transistor utilizing the MOS - 
construction. It is intended primarily for vhf amplifier 
applications up to 250 MHz in military and industrial 
equipment. 

Because of its improved transfer characteristic and 
exceptionally wide dynamic range, the 3N154 can provide 
substantially better cross modulation performance in 
linear amplifier applications than conventional bipolar 
transistors. The extremely low gate leakage current 
eliminates diode-current loading of the input circuit 
under strong signal conditions, a problem which is common 
to junction-type FET’s. These features, in addition to 
low feedback capacitance, permit the design of circuits 
providing superior high-frequency operation and high gain 
without neutralization. The 3N154 utilizes full-gate 
construction and is hermetically sealed in a JEDEC 
TO-72 metal package. 

■ Metal-Oxide- Semiconductor 


TERMINAL DIAGRAM 



1 - Drain 

2 - Source 

3 - Insulated Gate 

4 - Bulk (Substrate) 

and Case 


Performance Features 

• Large dynamic range 

• Greatly reduced spurious responses 

• Permits use of vacuum-tube biasing techniques 

• Excellent thermal stability 

• Superior cross-modulation performance and greater 
dynamic range than bipolar transistors 


Maximum Ratings, Absolute -Maximum Values at = 25 °C: 


♦ DR AIN-TO-SOURCE VOLTAGE, V Dg +20 V 

*DRAIN-TO-GATE VOLTAGE, V D q +20 V 

♦ GATE-TO-SOURCE VOLTAGE, V Gg : 

♦ CONTINUOUS (dc) +1,-8 V 

♦ PEAK ac +15 V 

♦DRAIN CURRENT, Ip* 50 mA 

♦TRANSISTOR DISSIPATION: 

At ambient | up to 25°C 330 mW 

temperature sj above 25°C derate at 2.2 mW/°C 

♦ AMBIENT TEMPERATURE RANGE: 

Storage -65 to + 175 °C 

Operating -65 to + 175 °C 

LEAD TEMPERATURE (During Soldering): 

At distances not closer than 1/32 inch to 

seating surface for 10 seconds maximum . 265 °C 


In accordance with JEDEC Registration Data Format JS9-RDF-1 IB 
A Pulsed: 

Pulse duration <. 20 ms 
Duty factor < 0. 15 
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3N154 


ELECTRICAL CHARACTERISTICS: (At Ta = 25° C) 

Measured with Substrate Connected to Source Unless Otherwise Specified. 


CHARACTERISTICS 

SYMBOLS 

CONDITIONS 

LIMITS 

UNITS 

3N154 

Min. 

Typ. 

Max. 

Gate Leakage Current 

'gss 

Vos = 0 , Vgs = -8 V, T/\ - 25° C 

VDS=0, Vqj = -8 V, T A = 125° C 
Vds-0. VgS = +1,Ta = 25°C 

V D S = 0. V G S = + l. T A =125°C 

- 

0.0001 

0.0001 

0.05 

5 

0.05 

5 

nA 

nA 

nA 

nA 

Zero-Bias Drain Current 

IDSS 

VDS = 15 V, V GS = 0 

Q 




Drain-to-Source Cutoff Current 

iD(off) 

VDS = 20 V, VGS = -8 V 


- 

50 

mA 

Gate-to-Source Cutoff Voltage 

V G s(° f D 

VDS = 15 V, Id = 50m a 


-3 

-8 

■Dl 

Forward Transsconductance 

gfs 

Vds = 15 V, Id = 5 mA, f = 1 kHz 

Esa 



/xmho 

Drain-to-Source Channel Resistance 

r DS( on ) 

V D S = 0. V GS = 0, f = 1 kHz 


200 

- 

n 

Small-Signal Short-Circuit 

Reverse Transfer Capacitance 



0.15 

0.25 

0.35 

PF 

Small-Signal Short-Circuit Input Capacitance A 


Vds = 15 V, Id = 5 mA, f = 0.1 to 1 MHz 

- 

5.5 

7 

m 

Input Admittance 

W 


n 

mm 

- 


Forward Transfer Admittance 

Yfs 

- 

7-J2 

- 

mmho 

Output Admittance 

Yos 

- 

0.28 +J 1.8 

- 

mmho 

Maximum Available Power Gain 

MAG 

VqS = 15 V, lD = 5mA, f = 200 MHz 

. 

21 


dB 

Insertion Power Gain (Fixed Neutralization) 
(see Fig. 1) 

<¥$ 

13.5 

16 

* 

dB 

Noise Figure (see Figs.l & 2) 

NF 

Vds = 15 v, Id = 5 mA, f = 200 MHz 

- 

3.5 

5 

dB 


* In Accordance with JEDEC Registration Data Format JS*9 RDF-11 B 
A Three-Terminal Measurement: Source Returned to Guard Terminal 



All Resistors in ohms and 1/4 W 
unless otherwise specified. 
All Capacitors in pF. 


* TUBULAR CERAMIC 
" DISC CERAMIC 92CS— I4S92RI 


Fig. 1 - Test circuit used to measure 200-MHz maximum 
usable power gain and noise figure 


Ci« C 1.5-5 pF variable air capacitor: E. F. Johnson Type 160-102 
or equivalent 

C 3 : 1-10 pF piston-type variable air capacitor: JFD Type V AM-010, 
Johanson Type 4335, or equivalent 

C A , Cc*. 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
H 0 MH- 13 or equivalent 

Q = 3N154 

Li: 5 turns silver-plated 0.02" thick, 0.07"-0.08" wide copper 
ribborv. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from Cl end 
of winding 

L 2 : Same as Lj except winding length approx. 0.7"; no tap. 



* SEE FIG. IFOR CIRCUIT 92CS-I489I 

Fig. 2 - Noise figure measurement setup 
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TYPICAL CHARACTERISTICS 


SOURCE AND SUBSTRATE GROUNDED h 
AMBIENT TEMPERATURE (T A )» 25* C t 



COMMON -SOURCE CIRCUIT I 

AMBIENT TEMPERATURE (Tft)«25*C - 
DRAIN-TO-SOURCE VOLTS (VDS>“ + 15 - 


■■■■■Mi 

■ ViiiaririHmimuuimHun 

■ .4ap':4aaaaaBaBBBBaaaaBBaaaaBaaM 


r •^aaaBP'-.aaaaBaBBBBaaaBBaBBBBBBBiaaa 
iUBBPr^BflBBBBBBBBBBBBBBBBBBBBBBBBBQ] B 

Br.dBBfllBBB>r::-. a aMIBBBBBIBIIBBBUUfl 



Hp^pbbibbbbbbbbbbbbpbw — r====g ggg a Ml 
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■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBinllr 








OUTPUT CONDUCTANCE <g 0 ,)OR SUSCEPTANCE I FORWARD TRANSFER CONDUCTANCE (g f$ ) ^ I REVERSE TRANSFER CONDUCTANCE* 

(b 0 *)— MILLIMHOS OR SUSCEPTANCE (b fs >— MILLIMHOS OR SUSCEPTANCE (b r *)— MILLIMHOS 
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154 


TYPICAL 200 MHz COMMON-SOURCE ADMITTANCE (Y) COMPONENTS 



DRAIN MILLIAMPERES (X D ) 


. 9 - Reverse transadmittance vs drain current 



Fig. 10 - Reverse transadmittance vs drain-to-source voltage 



92CS-I6098 

1 1 - Forward transadmittance vs drain current 
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Fig. 12 - Forward transadmittance vs drain-to-source- voltage 



DRAIN MILLIAMPERES (Iq) 


92CS- 17000 



Fig. 13 - Output admittance vs drain current 


Fig. 14 - Output admittance vs drain-to-source voltage 


677 







File No. 326 


DUCBZ/D MOS Field -Effect Transistors 

Solid State N-Channel Depletion Type 

Division 

3N159 


The 3N159 is an n-channel silicon, depletion type, 
dual insulated-gate, field-effect transistor utilizing the 
MOS** construction. It has exceptional characteristics 
for rf - amplifier applications at frequencies up to 
300 MHz. This transistor features a series arrangement 
of two separate channels, each channel having an 
independent control gate. 

Type 3N159 has an exceptionally low-noise figure, which 
makes this type particularly suitable for critical vhf 
applications. When used in a common-source con- 
figuration in which gate No.2 is ac grounded, this device 
reduces oscillator feedthrough to the antenna thereby 
minimizing oscillator radiation. 

The 3N159 is hermetically sealed in the metal JEDEC 
TO-72 package. 


** Metal-Oxide-Semiconductor. 


Maximum Ratings, Absolute-Maximum Values: 

at TA = 25°C 

DRAIN-TO-SOURCE VOLTAGE, V Dg 0 to +20 V 

GATE-No. 1 -TO-SOURCE VOLTAGE, V Glg : 

Continuous (dc) -8 to +1 V 

Peak ac -8 to +20 V 

GATE No.2-TO-SOURCE VOLTAGE, V Q2g : 

Continuous (dc) -8 to 40% oi V Dg V 

Peak ac -8 to +20 V 


DRAIN -TO-GATE VOLTAGE: 

V DG1 or V DG2 

DRAIN CURRENT, I D 

Pulsed: Pulse duration 20 ms, 

duty factor < 0.15 . . 

TRANSISTOR DISSIPATION, P T : 

At ambient 1 up to 25°C 

temperatures ( above 25°C 


+20 V 


50 mA 

400 mW 

derate linearly at 
2.67 mW/°C 


AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 °C 

LEAD TEMPERATURE (During soldering): 

At distances >_ 1/32 inch from seating 

surface for 10 seconds max 265 °C 


SILICON DUAL INSULATED-GATE 
FIELD-EFFECT TRANSISTOR 
N-Channel Depletion Type 

For Military and Industrial 
Low-Noise RF-Amplifier 
Applications Up to 300 MHz 

APPLICATIONS 

• RF amplifier in military and industrial communications 
equipment 

• aircraft, marine and vehicular receivers 

• CATV and MATV equipment 

• telemetry and multiplex equipment 

PERFORMANCE FEATURES 

• wide dynamic range permits large-signal handling 
before overload 

• dual-gate permits simplified age circuitry 

• virtually no age power required 

• greatly reduces spurious responses in FM receivers 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

• superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate field-effect 
transistors 

DEVICE FEATURES 

• low gate leakage currents - — 

•giSS & , G2SS = 1 nA max - 

• high forward transconductance — — 

gf s = 7000 pmho min. 

• high unneutralized RF power gain — — 

Gp S = 16 dB min. at 200 MHz 

• low vhf noise figure — — 

NF = 3.5 dB max. at 200 MHz 



678 


3-68 




3N159 


File No. 326 


ELECTRICAL CHARACTERISTICS, at T A = 25°C unless otherwise specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

3N159 

UNITS 

Min. 

Typ. 

Max. 

Gate-No. 1-to-Source Cutoff Voltage 

V GlS(off) 

V ds = +16V, In = 200 

V G2S = +4V 

- 

-2 

-4 

V 

Gate-No. 2-to-Source Cutoff Voltage 

V G2S(off) 

V DS = +16V, l D = 200 mA 

V G IS =0 


-2 

-4 

V 

Gate-No. 1-Leakage Current 

! G1SS 

V G1S ■ - 2 »V, V G2S - 0 

V DS = 0, Tfl = 25°C 


- 

1 

nA 

V G1S = +1V - V G2S = » 

V DS = 0, T A = 25°C 



1 

nA 

Vqis = -zov, v G2S = 0 

V DS = 0, T a = 1 25°C 

- 

- 

0.2 

mA 

Gate-No. 2-Leakage Current 

1 G2SS 

V G 2S = -20V, V Gir 0 

V ns . 0, T a . 25*0 

- 

- 

1 

nA 

V G2S = +1 ' V DS 

V G 1S = 0. T A - 25°C 

* 

* 

1 

nA 

V G 2S = -20V, V G1S = 0 

V DS = 0, T a = 1 25°C 


- 

0.2 

mA 

Zero-Bias Drain Current 

'oss* 

V DD = +14V, V G1S = 0 
V G 2s = +4V 

5 

18 

30 

mA 

Forward Transconductance 
(Gate-No. 1-to-Drain) 

8fs 

V DD = +14V - *D =10mA 
Vq 2 s = +4V, f = 1 kHz 

7000 

10,000 

18,000 

Aim ho 

Cutoff Forward Transconductance 
(Gate-No. 1-to-Drain) 

Sfs(off) 

WEBEONEBSMM 

PeBcB “ 

- 

- 



Small-Signal, Short-Circuit 

Input Capacitance* 

c iss 

V DS = +13V - ! D = 10 mA 
V G2$ = +4V, f = 1 MHz 

3 


n 

D 

Small-Signal, Short-Circuit, Reverse Transfer 
Capacitance (Drain-to-Gate No.l)* 

^rss 

V DS = +13V - >D = 10 mA 
V G2S = +4V, f = 1 MHz 

0.01 

0.02 

0.03 

‘ PF 

Smal l-Signa l 7 Short-Circuit 

Output Capacitance 

^oss 

V DS = +13V, l D = 10 mA 
V G2S = +4V - f = 1 MHz 


2.2 

- 

PF 

Maximum Usable Power Gain 
(See Fig.l for Measurement Circuit) 

MUG 

V DD = +15V, R s = 270ft 

R g = 500, f = 200 MHz 

16 

18 

22 

dB 

Measured Noise Figure 

(See Fig.l for Measurement Circuit) 

NF 

V DD = +15V, R s = 270ft 
f = 200 MHz, R g = 50H 

; 

2.5 

3.5 

dB 


* Pulse Test: Pulse duration <_ 20 ms, duty factor <_ 0.15. 

A Capacitance between Gate No.l and all other terminals. 

* Three-Terminal Measurement with Gate No. 2 and Source Returned to Guard Terminal. 
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* Tubular ceramic 

T Disc ceramic 

# Ferrite bead (1/2 used); Indiana General No. H 1742C-(A-147) or 
F1157-1-H or equivalent. 

t VHF plug in socket Jettron CD72-148 and CD72149 (part No.7977-1) 
or equivalent. 

Cj, C' 2 : 1.5*5 pF variable air capacitor: E. F. Johnson Type 160-102 
or equivalent. 

C 3 : 1-10 pF piston-type variable air capacitor: JFD Type 
VAM-010, Johanson Type 4335, or equivalent. 

C 4 : 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
MH-13 or equivalent. 

I_i: 5 turns silver-plated 0.02" thick, 0.07"-0.08" wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from C) end 
of winding. 

L 2 : Same as except winding length approx. 0.7"; no tap. 


Fig.l - 200-MHz power gain and noise-figure tes't circuit for type 3N159. 


TYPICAL CHARACTERISTICS 


COMMON -SOURCE CIRCUIT, GATE NoJ INPUT 
AMBIENT TEMPERATURE (T A ) = 25°C 
FREQUENCY (f) =200 MHz 
DRAIN-TO-SOURCE VOLTS (Vos)*l3 
GATE No.l -VOLTAGE (V GIS ) IS ADJUSTED 


FOR In =8 mA WHEN V G gs =4V 



0 12 3 4 5 6 

GATE No. 2-TO-SOURCE VOLTS (V G2 s> 92CS-I5047 


Fig. 2 - Noise figure vs gate No.2-to-source voltage. 



Fig.3 - Noise figure vs drain current. 
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Fig.4 - Input resistance and capacitance vs frequency. 


Fig. 5 - Output resistance and capacitance vs frequency. 
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TYPICAL SMALL-SIGNAL y PARAMETERS at 200 MHz 



Fig. 12 - Forward transfer conductance and susceptance 
vs cfrain current. 



DRAIN MILLIAMPERES (Ip) 

92CS-I4773RI 

Fig. 13 - Reverse transfer conductance and susceptance 
vs drain current. 
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Fig.14 - Forward transfer conductance and susceptance 
vs drain-to-source voltage. 



92CS 14764 


Fig. 15 - Input conductance and susceptance vs 
drain-to-source voltage. 



Fig.16 - Output conductance and susceptance vs 
drain-to-source voltage. 


£T 



-- 



COMMON -SOURCE CIRCUIT 1 



-- 



AMBIENT T 

EMPERATURE (T A ) *25°C 
( f ) * 200 MHz 

AMPERES (Tn)'fl 




i: 



DRAIN MILLI 

C> O 

I 

UJ 2 
o O 






1 GATE N0.2-TO-SOURCE V0LTS(V G2S ) = 4 






4 

- 

4 

4 

4 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 


■ 


IB 

BBI 

IBBI 

IBI 

IB 

B 

Bl 

IB 

■i 

■SB 

BBI 

5 

IBI 

■ 

IB 

IB 

B 

IB 

S 

a 


is 

SS| 

H 

IBJ 



3 

4 

3 

44 

BBI 

B 

" 

iai 

a 

" 

ja 

ja 

B 

|S 

a 

a 


IB 

BBI 


IBI 




ss 

;; 


"*! 


!*! 



IB 

B 

SS 

B 

a 








Bl 

IB 

Bl 

IBB 

BBI 

B 


B 












X 


I 














< £ 






brs 



































“1 




-- 
















{= y -looo 
g § 


- 





















_ 


i 


__ 



















:= ? 


II 





: = 











> -1500 

bl 

CE 


:i 


4 = 


II 

I 




:: 








: 




:i 


2i: 


II 

1 












:: 



-2000 


X 

E§ 

TIT 

:: 




11 


— 








x 




05 10 15 

DRAIN-TO-SOURCE VOLTS (V DS ) 


92CS-I4786RI 

Fig. 17 - Reverse transfer conductance and susceptance 
vs drain-to-source voltage. 
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TYPICAL CHARACTERISTICS 


COMMON 

AMBIEN 

DRAIN - 

DRAIN 
GATE N 

S8SS3 

-SOURCE CIR 
r TEMPERATU 
TO -SOURCE V 

IILLIAMPERES 
0.2 -TO- SOUR 

CUIT 

RE(T A )«25*C 

0LTS(V 0S )-+I5 

<I 0 )*8 

:e volts (v g2s >« 

J 

11 

11 

lilili 

:::::::::::::::::::::: 

::::::::::: 

■■■••■■•a 

111 

IIP! 

iiiillHilliHiii 

HiKiHaniHS:::! 

I:::::::::: 


ill 

iim 

::::: 

:::::::::::::::::::::: 

IHiiijgiiilliliiii 


isssissss 

liiiililili 

Hill 

iiiiililii! 

iillllilllli 

!!!!!!!!!*!' 

HlililliiliilisSfjjji 


::::::::::: 


liii 


s**«M#»«a** 

ttotatcini 

••••aaaaaal 


FREQUENCY (f)-MHl 

92CS 14778 

Fig.18 - Forward transfer conductance and susceptance 
vs frequency. 


12 GATE No. 2-TO-SOURCE 


VOLTS (V G2 S> 



GATE No. I-TO-SOURCE VOLTS (V G1S ) 

92CS-I472I 

Fig. 19 • Forward transfer conductance vs 
gate No. 7 -to-source voltage. 



GATE No. 2-TO-SOURCE VOLTS (V G2S > 92 cs-I3049 

Fig.20 - Power gain vs gate No.2-to-source voltage. 


TERMINAL DIAGRAM 



LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.l 

LEAD 4 - SOURCE, SUBSTRATE AND CASE 
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Solid State 
Division 


MOS Field- Effect Transistors 

N-Channel Depletion Types 

3N187 



Silicon Dual Insulated -Gate 
Field -Effect Transistor 

With Integrated Gate-Protection Circuits 

For Military and Industrial Applications up to 300 MHz 


Device Features 

• Back-to-back diodes protect each gate against handling and in-circuit transients 

• High forward transconductance - gf s = 12,000 pmho (typ.) 

• High unneutralized RF power gain - Gp S = 18 dB(typ.) at 200 MHz 

• Low VHF noise figure - 3.5 dB(typ.)at 200 MHz 


RCA-3N187 is an n-channel silicon, depletion type, 
dual insulated-gate field-effect transistor. 

Special back-to-back diodes are diffused directly into 
the MOS A pellet and are electrically connected between 
each insulated gate and the FET’s source. The diodes 
effectively bypass any voltage transients which exceed 
approximately ±10 volts. This protects the gates against 
damage in all normal handling and usage. 

A feature of the back-to-back diode configuration is 
that it allows the 3N187 to retain the wide input signal 
dynamic range inherent in the MOSFET. In addition, the 
junction capacitance of these diodes adds little to the 
total capacitance shunting the signal gate. 

The excellent overall performance characteristics of 
the RCA-3N187 make it useful for a wide variety of rf- 
amplifier applications at frequencies up to 300 MHz. 
The two senially-connected channels with independent 
control gates make possible a greater dynamic range 
and lower cross-modulation than is normally achieved 
using devices having only a single control element 

The two-gate arrangement of the 3N187 also makes 
possible a desirable reduction in feedback capacitance 
by operating in the common-source configuration and ac- 
grounding Gate No. 2. The reduced capacitance allows 
operation at maximum gain without neutralization; and, 
of special importance in rf-amplifiers, it reduces local 
oscillator feedthrough to the antenna. 

The 3N187 is hermetically sealed in the metal JEDEC 
TO-72 package. 

A Metal-Oxide-Semiconductor 


Applications 

• RF amplifier, mixer, and IF amplifier in military, and 
industrial communications equipment 

• Aircraft and marine vehicular receivers 

• CATV and MATV equipment 

• Telemetry and multiplex equipment 

Performance Features 

• Superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET's 

• Wide dynamic range permits large-signal handling 
before overload 

• Virtually no age power required 

• Greatly reduces spurious responses in FM receivers 


Maximum Ratings, 

Absolute-Maximum Values, at T^=25°C 


DRAIN-TO- SOURCE VOLTAGE, V DS . . . -0.2 to +20 V 
GATE No. 1-TO-SOURCE VOLTAGE, V Glg; 

Continuous (dc) -6 to +3 V 

Peak ac -6 to +6 V 

GATE No. 2-TO-SOURCE VOLTAGE, V G2S : 

Continuous (dc) -6 to 30% of V Dg V 

Peak ac -6 to +6 V 

* DRAIN- TO-GATE VOLTAGE, 

V DG1 0R V DG2 +20 V 

* DRAIN CURRENT, I D 50 mA 

* TRANSISTOR DISSIPATION P T : 

At ambient ) up to 25°C 330 mW 

temperatures ( above 25°C derate linearly at 

* AMBIENT TEMPERATURE RANGE: 2 ' 2 mW/ ° C 

Storage and Operating -65 to +175 °C 

* LEAD TEMPERATURE (During Soldering): 

At distances > 1/32 inch from 

seating surface for 10 seconds max. 265 °C 


* In accordance with JEDEC Registration Data Format 
JS-9 RDF-19A 
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3N187 


ELECTRICAL CHARACTERISTICS, at T^ = 25° C unless otherwise specified 


' CHARACTERISTICS 

SYMBOL 

Gate No. 1-to- Source Cutoff Voltage 

V GlS(off) 

Gate No. 2-to- Source Cutoff Voltage 

V G2S(off) 

Gate No. 1-Terminal Forward Current 

IG1SSF 

Gate No. 1-Terminal Reverse Current 

'gissr 

Gate No. 2-Terminal Forward Current 

•G2SSF 


Gate No. 2-Terminal Reverse Current 


Zero-Bias Drain Current lg$ 

Forward Transconductance at 

(Gate No. 1-to- Drain) Bfs 

Small-Signal, Short-Circuit Input Capacitancet Cj ss 

Small-Signal, Short-Circuit, 

Reverse Transfer Capacitance C rss 

(Drain-to-Gate No. 1) i 

Small-Signal , Short-Circuit Output Capaci tanc C oss 

Power Gain (see Fig. 1) Gp$ 

Maximum Available Power Gain MAG 

Maximum Usable Power Gain (unneutralized) MUG 

Noise Figure (see Fig. 1) NF 

Magnitude of Forward Transadmittance |Yf s l 

Phase Angle of Forward Transadmittance 6 

Magnitude of Reverse Transadmittance |Y rs | 

Angle of Reverse Transadmittance 9 [S 

Input Resistance rj ss 

Output Resistance r QSS 

Gate-to-Source 
Forward Breakdown Voltage: 

Gate No. 1 ^(BR) 

Gate No. 2 V/om 


TEST CONDITIONS 

V DS = 

+15 V, l D 

= 50 

mA 

V G2S 

= +4 V 



V DS = 

+15 V, l D 

= 50 

mA 

V G1S 

= 0 



V G1S 

= +l V 

Ja. 

= 25° c 

V G2S 

= Vgs = 0 

Ta 

= 100° C 

V G1S 

= -6 V 

Ja 

= 25° C 

V G2S 

= Vqs = 0 

Ta 

= 100°C 



V (BR)G1SSF 

V (BR)G2SSF 


Gate-to-Source 
Reverse Breakdown Voltage: 


Gate No. 1 
Gate No. 2 


V (BR)G1SSR 

V (BR)G2SSR 


V G2S =-6 V 

V G1S =V DS =0 1 T A = 100° C 


V DS = +15 v 
V G 2S = +4 V 

V G1S =0 

V DS = +!5 V, l D = l°mA 
V G2S = +4 V, f = 1kHz 

V DS = +15 V, Iq = 10 mA 
Vq 2S = +4 V, f - 1 MHz 


V DS = + 15 V, Iq * 10 mA 
V n9 c = +4V, f = 200 MHz 



0.02 


PF 


- 

pF 

B9H9I 

mm 


- 

dB 

H3B 

- 

mm 


mm 

eb 

- 



- 

Degrees 

■ 

- 


Q 

- 

fjgjgg 

m 

- 


m 

- 

Qj 


A Limited only by practical design considerations, 
t Capacitance between Gate No. 1 and all other terminals 

* Three-terminal measurement with Gate No. 2 and 

Source returned to ground. terminal. 

* In accordance with JEDEC Registration Data Format JS-9 RDF-J9A 


IG1SSF = IG2SSF = M0 mA 


iG!SSR = lG2SSR =-100 ^A 


OPERATING CONSIDERATIONS 

The flexible leads of the 3N187 are usually soldered to the 
circuit elements. As in the case of any high-frequency 
semiconductor device, the tips of soldering irons MUST 
be grounded. 
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Pile No. 436 


external shield^ 


. * # Ferrite bead (4); Pyroferric Co. "Carbonyl J" Q = 3N 187 

p *C 2 4 = 1 . 5 * | 0.09 in. OD; 0.03 in. ID; 0.063 in. thickness. T Disc ceramic. 

| I All resistors in ohms * Tubular ceramic. 

j_ ~~ I All capacitors in pF 

| Cj: 1.8 -8.7 pF variable air capacitor: E.F. Johnson Type 160-104, 
or equivalent. 

C 2 : 1.5-5 pF variable air capacitor: E.F. Johnson Type 160-102, 

< 1 or equivalent. 

_L „ jr C 3 : 1-10 pF piston-type variable air capacitor: JFD Type VAM-010; 

*T * 100 I Johanson Type 4335, or equivalent. 

t oc - _L I C 4 : 0 . 8 -4.5 pF piston type variable air capacitor: Erie 560-013 or 

CtOHMITE TYPE I «" ,iVale " 1 - 

X z 235 OR EQUIV.) J - Lj: 4 turns silver-plated 0.02-in. thick, 0.075-0.085-in. wide, copper 

•[( — nz ‘ ribbon. Internal diameter of winding =0.25 in, winding length 

W approx. 0.08 in. 

V 0D L 2 : 4 l 2 turns silver-plated 0.02-in thick, 0.085-0.095-in. wide, 5/16-in. 

*■ 15 V ID. Coil ~.90 in. long. 


Fig. 1 - 200-MHz Power gain and noise-figure test circuit 









DRAIN-TO-SOURCE VOLTS (V 0 S> 

Fig. 10- yf s vs. Vq$ 


DRAIN-TO-SOURCE VOLTS (V DS ) 

Fig. H - Yrs vs. Vq$ 
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Fig. 22- yf s vs. frequency 


Fig. 23. - y t 


vs. frequency 
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Fig. 24- gf s and Ip vs. Vq2S 
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Fig. 26- gf S2 vs. Vq2S 


TERMINAL DIAGRAM 



LEAD 1 -DRAIN 
LEAD 2-GATE No. 2 
LEAD 3-GATE No. 1 
LEAD 4-SOURCE, SUBSTRATE 
AND CASE 
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Solid State 
Division 


MOS Field-Effect Transistors 

N-Channel Depletion Types 

3N200 


Silicon Dual Insulated -Gate 
Field -Effect Transistor 

With Integrated Gate-Protection Circuits 

For Military and Industrial Applications up to 500 MHz 

Applications 

• RF amplifier, mixer, and IF amplifier in military and industrial 
communications equipment 

• Aircraft and marine vehicular receivers 

• CATV and MATV equipment 

• Telemetry and multiplex equipment 


RCA-3N200 is an n-channel silicon, depletion type, dual 
insulated-gate field-effect transistor. 

Special back-to-back diodes are diffused directly into the 
MOS pellet and are electrically connected between each 
insulated gate and the FET’s source. The diodes effectively 
bypass any voltage transients which exceed approximately 
±10 volts. This protects the gates against damage in all 
normal handling and usage. 

A feature of the back-to-back diode configuration is that it 
allows the 3N200 to retain the wide input signal dynamic 
range inherent in the MOSFET. In addition, the low junction 
capacitance of these diodes adds little to the total 
capacitance shunting the signal gate. 

The excellent overall performance characteristics of the 
RCA-3N200make it useful for a wide variety of rf-amplifier 


applications at frequencies up to 500 MHz. The two 
serially-connected channels with independent control gates 
make possible a greater dynamic range and lower cross- 
modulation than is normally achieved using devices having 
only a single control element. 

The two-gate arrangement of the 3N 200 also makes possible a 
desirable reduction in feedback capacitance by operating in 
the common-source configuration and ac-grounding Gate No. 
2. The reduced capacitance allows operation at maximum 
gain without neutralization; and, of special im- 
portance in rf-amplifiers, it reduces local oscillator 
feedthrough to the antenna. 

The 3N200 is hermetically sealed in the metal JEDEC TO-72 
package. 



Maximum Ratings, Absolute-Maximum Values, at Ta = 25°C 

DRAIN-TO-SOURCE VOLTAGE, Vqs 0.2 to +20 

GATE No.l-TO-SOURCE VOLTAGE, Vqis: 

Continuous (dc) -6 to +3 

Peak ac -6 to +6 

GATE No.2-TO-SOURCE VOLTAGE. V G 2S: 

Continuous (dc) -6 to 30% of Vqs 


Peak ac 

* DRAIN-TO-GATE VOLTAGE. 

VoGI or V DG2 

* DRAIN CURRENT, Id 

* TRANSISTOR DISSIPATION. P T : 

At ambient ) up to 25°C 

temperatures ) above 25°C 

♦AMBIENT TEMPERATURE RANGE: 

Storage and Operating -f 

* LEAD TEMPERATURE (During soldering): 

At distances >1/32 inch from 
seating surface for 10 seconds max. 


-6 to +6 


+20 

50 


V 

mA 


330 

derate linearly at 
2.2 mW/°C 


265 


oc 


*ln accordance with JEDEC registration data format (JS-9 RDF-19A) 


Performance Features 

• Superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET s 

• Wide dynamic range permits large-signal handling 
before overload 

• Dual-gate permits simplified age circuitry 

• Virtually no age power required 

• Greatly reduces spurious responses in FM receivers 


Device Features 

• Back-to-back diodes protect each gate against 
handling and in-circuit transients 

• High forward transconductance - 
9fs = 15,000 p mho (typ.) 

• High unneutralized RF power gain - 
G ds = 12.5 dB (typ.) at 400 MHz 

= 19 dB (typ.) at 200 MHz 

• Low VHF noise figure - 3.9 dB (typ.) at 400 MHz 

3.0 dB (typ.) at 200 MHz 
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ELECTRICAL CHARACTERISTICS 
at T a = 25°C 

unless otherwise specified 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

mi 

Gate No. Mo-Source Cutoff Voltage 

v GlS(off) 

Vqs = +15V, Iq = 50/xA 
V G2S =. +4V 

Qj 

D 

-3 

B 

Gate No. 2-to-Source Cutoff Voltage 

v G2S(off) 

Vqs = + 15 V. I d = 50/xA 

v G is = o 

-0.1 

n 

-3 

B 

Gate No. 1-Terminal Forward Current 

•gissf 

v Gis = *lV 
V G2S ^ V DS = 0 

mu 

H 

B 

50 

5 

Jjj 

Gate No. 1-Terminal Reverse Current 

■gissr 

v Gis = -6V 

V G2S = V D$ = 0 


e 

H 

50 

5 

nA 

mA 

Gate No. 2-Terminal Forward Current 

'G2SSF 

V G2S = + 6V 
V G1S = V DS =0 

T a - 25°C 
T A = 100°C 

B 

B 

50 

5 

■ 

Gate No. 2-Terminal Reverse Current 

'G2SSR 

V G2S = -6V 
V G1S = V DS = 0 

Hj 

B 

B 

50 

5 

nA 

aA 

Zero-Bias Drain Current 

'os 

V DS = + 15 V, V G1S = 0 

V G2S = *4V 

0.5 

5.0 

12 

mA 

Forward Transconductance 
(Gate No. 1-to-Drain) 

gfs 

V 0S = M5V 

Iq = 10 mA 

Vq2S = + 4V 

f = 1kHz 


15,000 

iu 

/xmho 

Small-Signal, Short-Circuit Input 
Capacitance t 

Cjss 

f = 1 MHz 

4.0 

6.0 


PF 

Small-Signal, Short-Circuit, 

Reverse Transfer Capacitance 
( Drain- to-Gate-No. I) 4 

^rss 

0.005 

0.02 

0.03 

PF 

Small-Signal, Short-Circuit Output 
Capacitance 

c oss 

- 

2.0 

- 

PF 

Power Gain (see Fig. 1) 

G PS 

f = 400 MHz 

m 

12.5 

- 

dB 

Noise Figure (see Fig. 1) 

NF 

- 


EH 

dB 

Bandwidth 

BW 

m 

- 

11 

MHz 

Gate-to-Source Forward 

Breakdown Voltage gate j 

V (BR)G1SSF 


V G2S = V DS*° 

6.5 

1 

13 

■ 

Gate No. 2 

V (BR)G2SSF 

V G1S = V DS“° 

Gate-to-Source Reverse 

Breakdown Voltage Gate No. 1 

V (BR)G1SSR 


V G2S = V DS =0 

| 

1 

-13 

■ 

Gate No. 2 

V (BR)G2SSR 

V G1S = V DS = 0 


*|n accordance with JEDEC registration data format ^Capacitance between Gate No. 1 and all other terminals. 

(JS-9RDF-19A) *Three-terminal measurement with Gate No. 2 and 

Source returned to guard terminal. 


OPERATING CONSIDERATIONS 

The flexible leads of the 3N200 are usually soldered to the 
circuit elements. As in the case of any high-frequency 
semiconductor device, the tips of soldering irons MUST 
be grounded. 
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. 3N200 



All resistances in ohms 

All capacitances in pF 

C lf C 2 : 1.3- 5.4 pF variable air capacitor: 
Hammerland Mac 5 type or 
equivalent 

C 3 : 1.9-13.8 pF variable air capacitor: 
Hammerland Mac 15 type or 
equivalent 

C 4 : Approx. 300 pF- capacitance form- 
ed between socket cover & chassis 

C 5 : 0.8-4.5 pF piston type variable 
air capacitor: Erie 560-013 or 
equivalent 

t- j , l_ 2 : Inductance to tune circuit 


Fig. 1 - 400 MWz power gain and noise figure test circuit 


Typical Characteristics 
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y and s Parameters vs. Frequency 

TEST CONDITIONS: Drain-to-Source Volts (Vps) = 15, Drain Milliamperes (Iq). = 10, 
Gate No. 2-to-Source Volts (Vq2s) = 4 


CHARACTERISTICS 

SYMBOL 

FREQUENCY (MHz) 

UNITS 


200 

300 

400 

500 

Maximum Available Power Gain 

MAG 

32 

24 

17.5 

13 

10 

dB 

Maximum Usable Power Gain (Unneutralized)* 

MUG 

32 

24 

17.5 

13 

10 

dB 

Y Parameters 








Input Conductance 

gis 


0.8 

2.0 

3.6 

6.2 

mmho 

Input Susceptance 

b is 

3.4 

5.8 

8.5 

11.2 

15.5 

mmho 

Magnitude of Forward Transadmittance 

|Yfs! 

15.3 

15.3 

15.4 

15.5 

16.3 

mmho 

Angle of Forward Transadmittance 

^-yfs 

-15 

-25 

-35 

-47 

-60 

degrees 

Output Conductance 

gos 


0.3 

0.5 

0.8 

1.1 

mmho 

Output Susceptance 

b os 

1.5 

2.7 

3.6 

4.25 

5.0 

mmho 

Magnitude of Reverse Transadmittance 

1 y rsl 

mm 

0.025 

0.06 

0.14 

0.26 

mmho 

Angle of Reverse Transadmittance 

^- y rs 

HI 

-25 

0 

14 

20 

degrees 

S Parameters 








Magnitude of Input Reflection Coeff. 

| s isl 

0.97 

0.90 

0.84 

0.78 



Angle of Input Reflection Coeff. 

^ s is 

-20 

-32 

-55 

-68 

-82 

degrees 

Magnitude of Forward Transmission Coeff. 

1 s fs| 

1.50 

1.40 

1.25 

1.1 

0.9 


Angle of Forward Transmission Coeff. 

^ s fs 

153 

133 

112 

90 

70 

degrees 

Mangitude of Output Reflection Coeff. 

1 s os| 

0.985 


0.93 

0.92 



Angle of Output Reflection Coeff. 

^■Sqs 

-7.5 

-16 

-22 

-28 


degrees 

Magnitude of Reverse Transmission Coeff. 

l s rs| 

0.001 

0.0025 

0.005 

0.010 



Angle of Reverse Transmission Coeff. 

^ s rs 

100 

125 

141 

150 

Hi 

degrees 


♦Limited only by practical design considerations 




AMBIENT TEMPERATURE (T A ) - 25 “C 
FREQUENCY (0 - 400 MHt 
DRAIN MILLIAMPERES (In) - 10 
CATE NO. 2-TO-SOURCE VOLTS <V C2 $) * 4 


ms 


ft: 



AMBIENT TEMPERATURE (T*) . 2S*C 
FREQUENCY (I) ■ 400 MHt 
DRAIN MILLIAMPERES (Ip) - 10 
CATE NO. 2-TO-SOURCE VOLTS <V C2S ) • 4 


10 12 14 16 


as 


HI! 

■■■■■■■■■■■■■■■■■■■ 


DRAIN-TO-SOURCE VOLTS (V DS ) 


DRAIN-TO- SOURCE VOLTS <V 0S ) 


Fig. 6 - Yis vs. VqS 


f ' 9 - 7-y os vs. Vos 
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GATE NO. 2-TO-SOURCE VOLTS (V G25 ) 

Fig . 78- gf s 2 v s. y G25 
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GATE NO. 1-TO-SOURCE VOLTS (Vqjj) 

Fig. 79- gf s vs. Vqjs 










File No. 437 


3N200 


Typical Characteristics (Cont'd) 



BSS45* 

Fig. 20- Noise figure vs. generator source admittance 


TERMINAL DIAGRAM 



LEAD 1 -DRAIN 
LEAD 2-GATE No. 2 
LEAD 3-GATE No. 1 
LEAD 4-SOURCE, SUBSTRATE 
AND CASE 
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File No. 324 


□U(M] 

Solid State 
Division 


MOS Field -Effect Transistors 

N-Channel Depletion Type 

40467A 



Silicon MOS Transistor 

For VHF Tuners and Other VHF Amplifier 

Applications in Industrial & Commercial Electronic Equipment 

Operating up to 220 MHz 

Device Features: 

• Low feedback capacitance - C rss = 0.25 pF typ. 

• High forward transconductance - g^ $ = 7500 jiim ho typ. 

• High vhf power gain - Gpg = 16 dB typ at 200 MHz 

• Low vhf noise figure - IMF = 3.5 dB typ at 200 MHz 

• Exceptionally good cross-modulation characteristics 

Performance Features: 

• Large dynamic range 

• Greatly reduced spurious responses 

• Permits use of vacuum-tube biasing techniques 

• Excellent thermal stability 

• Superior cross-modulation performance and greater 
dynamic range than bipolar transistors 


RCA-40467A is an n-channel depletion-type silicon 
insulated-gate field-effect transistor utilizing the MOS 
construction. It is intended primarily for vhf-amplifier 
applications in industrial and commercial electronic 
equipment. 

The 40467 A is useful in vhf applications requiring 
devices capable of providing high useful power gains 
at frequencies up to approximately 220 MHz. 

The 40467A features high forward transconductance, 
high dc gate-to-source resistance, and low feedback 
capacitance. Because of the improved transfer charac- 
teristic and increased dynamic range, the 40467 A 
provides substantially better cross-modulation per- 
formance in linear-amplifier applications than con- 
ventional (bipolar) transistors and is free from diode- 
current loading, a problem that exists in junction type 
FET s. This device is hermetically sealed in the 
TO-72 metal case and utilizes full-gate construction. 


Maximum Ratings, Absolute-Maximum Values at T ^ - 25°C: 

DR AIN- TO- SOURCE VOLTAGE, V DS +20 V 

DRAIN-TO-GATE VOLTAGE, V DQ +20 V 

GATE-TO-SOURCE VOLTAGE, V GS : 

CONTINUOUS (dc) +1,-8 V 

PEAK ac ±15 V 

DRAIN CURRENT, Id 50 mA 

TRANSISTOR DISSIPATION: 

At ambient (upto25°C 330 mW 

temperatures t above 25° C derate at 2.2 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage -65to+175°C 

Operating -65 to + 175 °C 

LEAD TEMPERATURE (During Soldering): 

At distances not closer than 1/32 inch to 0 

seating surface for 10 seconds maximum . . . 265 C 


* Metal-Oxide Semiconductor 
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File No. 324 


40467A 


ELECTRICAL CHARACTERISTICS AT T c = 25°C WITH BULK (SUBSTRATE) CONNECTED TO SOURCE 


TEST CONDITIONS 


CHARACTERISTICS 


SYMBOLS FREQUENCY 


Gate-to-Source Cutoff Voltage V G $(off) 

Gate Leakage Current l n ^ 


Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate) 


Small Signal Short-Circuit 
Input Capacitance 


Input Admittance 
Forward Transfer Admittance 


Output Admittance 


Maximum Available Power Gain 


Maximum Usable Power Gain 
(unneutralized) 


Maximum Usable Power Gain 
(neutralization) 

Noise Figure 



TYPICAL CHARACTERISTICS 


SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (T A )-25*C 


J COMMON-SOURCE CIRCUIT 
j AMBIENT TEMPERATURE (T A ) -25*0 
IS -5 DRAIN-TO-SOURCE VOLTS (Vqs) " + l5 
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File No. 324 


TYPICAL ADMITTANCE CHARACTERISTICS 


COMMON -SOURCE CIRCUIT 
AMBIENT TEMPERATURE (T A )*25*C 
FREQUENCY (f ) « I kHz 
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GATE-TO-SOURCE VOLTS IV G$ ) 


COMMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (Ta)* 25°C 
FREQUENCY (f)» I kHz 
DRAIN-TO-SOURCE VOLTS (VdS>“ +| 5 
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DRAIN MILLIAMPERES (I D ) 


COMMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (Ta)* 25*C 
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mi: 


m 
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File No. 324 


40467A 


TYPICAL ADMITTANCE CHARACTERISTICS (cont'd) 
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DRAIN MILUAMPERES (I D > 

92CS-I6098 


Fig. 9 



92CS- 17000 

Fig. 11 



DRAIN-TO- SOURCE VOLTS (V D S> 

92CS-I6099 


Fig. 10 



Fig. 12 


TERMINAL DIAGRAM 



1 - Drain 

2 • Source 

3 - Insulated Gate 

4 - Bulk (Substrate) 

and Case 


OPERATING CONSIDERATIONS 


The flexible leads of the 40467A are usually solder- 
ed to the circuit elements. As in the case of any high- 
frequency semiconductor device, the tips of soldering 
irons should be grounded, and appropriate precautions 
should be taken to protect the devices against high 
electric fields. 


This device should not be connected into or dis- 
connected from circuits with the power on because high 
transient voltages may cause permanent damage to 
the devices. 


701 







File No. 323 


duobza] 

Solid State 
Division 


MOS Field -Effect Transistors 


N -Channel Depletion Types 

40468A 

40559A 



MOS Silicon Transistors 

For RF Amplifier and Mixer Applications 
in FM and AM/FM Receivers 

Device Features: 

• high forward transconductance - - 

gfs = 7500 /imho typ. for 40468A 

• low feedback capacitance - - 

Cj^ = 0.35 pF max. for 40468A 
0.38 pF max. for 40559A 

e high useful power gains - * 

neutralized - 17 dB typ. 
unneutralized - 14 dB typ. 

• hermetically sealed in TO-72 metal package 


RCA-40468A and 40559A are silicon insulated-gate 
field-effect transistors of the n-channel depletion type 
utilizing the MOS* construction. They are intended 
primarily for use as the rf amplifier and mixer, respec- 
tively, in FM receivers covering the 88 to 108 MHz 
band, but can be used for general amplifier applications 
at frequencies up to 125 MHz. For circuit design and 
typical performance data refer to RCA Application Note 
AN3535 “An FM Tuner Using Single-Gate MOS Field- 
Effect Transistors as RF Amplifier and Mixer’’. 

The wide dynamic range of these transistors re- 
duces cross-modulation effects in AM receivers and 
minimizes the generation of spurious responses in 
FM receivers. 

Operating as a neutralized amplifier at 100 MHz, the 
40468A can provide a power gain of 17 dB (typ.). A , 
power gain of 14 dB (typ.) can be realized without 
neutralization. 


* Metal-Oxide-Semiconductor. 


Performance Features: 

• reduced spurious responses in FM tuners 

• reverse bias on substrate improves linearity 

• reduced cross-modulation effects in AM receivers 

Maximum Ratings, Absolute-Maximum Values at Ta = 25°C: 


DRAIN-TOSOURCE VOLTAGE, V DS +20 V 

DRAIN-TO-GATE VOLTAGE, V DG +20 V 

GATE-TO-SOURCE VOLTAGE, V GS : 

CONTINUOUS (dc). +1,-8 V 

PEAK ±15 V 

DRAIN CURRENT, I D 25 mA 

TRANSISTOR DISSIPATION: 

At ambient \ up to 25°C 330 mW 

temperatures j above 25°C derate at 2.2 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage -65 to +175 °C 

Operating -65 to + 175 °C 

LEAD TEMPERATURE (During Soldering) : 

At distances not closer than 1/32 inch to 

seating surface for 10 seconds maximum . 265 °C 
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File No. 323 40468A, 40559A 

ELECTRICAL CHARACTERISTICS, at Ta = 25°C 

With Bulk (Substrate) Connected to Source Unless Otherwise Specified 


Characteristics 

Symbols 

TEST CONDITIONS 

LIMITS 

Units 

Frequency 

f 

DC 

Drain-to- 

Source 

VDS 

DC 

Drain 

Current 

ID 

RCA-40468A 

RF Amplifier 

RCA-40559A 

Mixer 

MHz 

V 

mA 

Bffil 

CM 

BH 


BBS 



■SHK 

- 

12 




Bill 

- 

- 


WSM 

Gate Leakage Current 


PH 


EBMI 

■ 

m 

1. 

1 

- 

. 

l. 

l 

HQ 

Zero-Bias Drain Current 



15 

VgS =0 

5 

o 

BB 

5 

na 


HQJI 

Small-Signal, Short-Circuit 

Forward Transconductance 

gfs 

1 kHz 


5 

- 

QQ 

* 

* 


- 

/imho 

Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate) 

Crss 

1 



1 



1 



PF 

Input Capacitance 


1 

15 

5 


BDB 





BB 

Admittance 

- 

ISEUfflll 


m 

B1BS1 

- 

- 

- 

Input Admittance 



15 

El 

3 


0.14 + j 3.38 



■m 

BTiTil 

MM 

15 

o 

3 


- 

■iniiiiiii 

Output Admittance 

Vos 

mm 

BBfl 

mm 


B 



0.076 + j 0.153 

mmho 


gfs(c) 


15 

3 



- 

- 


- 


Maximum Available Power Gain 

MAG 

100 

15 

5 



- 

- 

- 

• 

B9I 

Maximum Usable Power Gain 
(Unneutralized) 

MUG 



5 


B 


- 

- 

- 

B 

Maximum Usable Power Gain 
(Neutralized) 

MUG 



5 


B 


B 

B 

B 

B 

Maximum Available Conversion 

Gain 

MAG C 




I 

B 

B 

B 


B 

B 

Noise Figure 

NF 


15 

5 

_ 

WEI 

5 




■a 


* Bulk (Substrate) -to-Source Volts (Vg$) = -3. 


OPERATING CONSIDERATIONS 


The flexible leads of the 40468A and 40559A are 
usually soldered to the circuit elements. As in the 
case of any high-frequency semiconductor device, the 
tips of soldering irons should be grounded, and appro- 
priate precautions should be taken to protect the devices 
against high electric fields. 


These devices should not be connected into, or dis- 
connected from, circuits with the power on because 
high transient voltages may cause permanent damage 
to the devices. 
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File No. 323 


TYPICAL y-PARAMETER CHARACTERISTICS 



92CS-I4I49RI 

Fig . 7 - Inpuf admittance (yis) y s drain current (Id)- 
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SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (T A )*25° 
FREQUENCY (f)-iOO MHz 
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Fig. 2 - Input admittance (yi s ) y s drain-to-source 
voltage (VDS) • 
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Fig.3 - Output admittance (y os ) vs drain current (l[)). 
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Fig.4 - Output admittance (y os ) vs drain-to-source 
voltage (VDS)- 
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Fig. 5 - Forward transadmittance (y{ s ) vs 
drain current (Iq)- 
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TYPICAL y-PARAMETER CHARACTERISTICS 


40468 A, 40559A 


o 

SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (T A )« 25 °C 
FREQUENCY(»)*IOOMHz 
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0UGB//D MOS Field -Effect Transistors 

Solid State 40600 

Division 40601 


40602 


RCA 40600, 40601, and 40602 are n-channel de- 
pletion type, dual-insulated-gate, field-effect transistors 
utilizing the MOS construction . These devices have char- 
acteristics which make them highly desirable for rf- ampli- 
fier applications (40600), mixer applications (40601), 
and first-if-amplifier applications (40602) in vhf TV re- 
ceivers and other types of commercial equipment oper- 
ating at frequencies up to approximately 250 MHz. 

These transistors feature a series arrangement of 
two separate channels, each channel having an inde- 
pendent control gate. In amplifier applications the 40600 
and 40602 with their wide dynamic range provide sub- 
stantially better cross-modulation performance than is 
obtainable with bipolar or single-gate field-effect tran- 
sistors. In mixer applications the 40601 provides ex- 
cellent isolation between the oscillator and rf signals 
because each of the two signal frequencies being mixed 
has its own control element. The wide dynamic range 
of the 40601 minimizes cross-modulation which is gener- 
ally encountered in mixer stages. 

Provision of two insulated gates also results in 
extremely low feedback capacitances (0.02 pF typ.), a 
feature which enables the 40600 and 40602 to provide 
high maximum useable power gains in unneutralized 
circuits — for example, 20 dB at 200 MHz typ. for the 
40600, and 35 dB typ. at 44 MHz for the 40602. The 
gain of the rf and if stages can be controlled by apply- 
ing age voltage to gate No. 2 and age delay is easily ob- 
tained. Virtually no age power is required for full gain 
reduction. 

Types 40600, 40601, and 40602 are hermetically 
sealed in metal JEDEC TO-72 packages. 


Maximum Ratings, Absolute-Maximum Values at T& ~25°C: 

DRAIN-TO-SOURCE VOLTAGE, VdS 0 to +20 V 

GATE No. 1-TO-SOURCE VOLTAGE, V G 1S: 

Continuous (dc) +1 to -8 V 

Peak ac +20 to -8 V 

GATE No. 2-TO-SOURCE VOLTAGE, V G 2S= 

Continuous (dc) -8 to 40% of Vfc>s V 

Peak ac -8 to +20 V 

DRAIN-TO-GATE VOLTAGE, VDGl or VdG2- +20 V 

DRAIN CURRENT, I D (Pulsed): 

Pulse duration 4: 20 ms, 

duty factor Z 0. 15 50 mA 

TRANSISTOR DISSIPATION, Pt: 

At ambient I up to 25°C 400 mW 

temperatures \ above 25°C derate linearly at 

2.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 °C 

LEAD TEMPERATURE (During soldering): 

At distances > 1/32" from seating 

surface for KTseconds max 265 °C 


SILICON DUAL 
INSULATED-GATE 
FIELD-EFFECT 
TRANSISTORS 

N-Channel Depletion Types 
For VHF TV Receiver Applications 


APPLICATIONS 

• VHF TV Receiver 

40600 for rf amplifier applications 

40601 for mixer applications 

40602 for first-if-amplifier applications 

PERFORMANCE FEATURES 

• superior cross-modulation performance and greater 
dynamic range than bipolar and single-gate field-effect 
transistors 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

DEVICE FEATURES 

• extremely low feedback capacitance 

C rss = 0.02 pF typ. 

• high power gain 

MUG U = 20 dB typ. for 40600 
MAG = 35 dB typ. for 40602 
MAG C = 14 dB typ. for 40601 



TO-72 


4-68 
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File No. 333 40600-40602 


ELECTRICAL CHARACTERISTICS, at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

40600, 40601, 40602 

Min. 

Typ. 

Max. 

Gate No.l-to-Source Cutoff Voltage 

VGlS(off) 

VqS = +15V, Id =200 mA 

Vq2S = +4V 


-2 


V 

Gate No.2-to-Source Cutoff Voltage 

v G2S(off) 

V DS = +15V, Id = 200 nA 

V G i S = o 

- 

-2 

- 

V 

Gate No.l Leakage Current 

■giss 

VG1S = *20V, VG2S =0. V D S =0 

- 

- 

1 

nA 

Gate No. 2 Leakage Current 

•G2SS 

V G2S = -20V, VqIS = 0 . Vds = 0 

* 

- 

1 

nA 

Drain Current 

■dss 

V D S = +13 V, VGIS =0, Vq2S = +4V 


18 

- 

mA 

Forward Transconductance 

*fs 

Vds = +13v r id = 10 mA 

V G 2S = +4V, f = 1 kHz 

- 

10000 

- 

/xmho 


TYPICAL PERFORMANCE CHARACTERISTICS, at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

40600 

RF AMPLIFIER 
f = 200 MHz 

40602 

IF AMPLIFIER 
f = 44 MHz 

40601 

MIXER 
f = 200 MHz 

UNITS 

VqIS is adjusted for In = 10 mA 

Gate No. 2 at AC ground potential 

Vds = 13V, V G 2S = +4V 

Local-oscillator injection 
Voltage on 

Gate No.2 =750 mV 

v D s = 15V 

VG2S = + 0.6V 

VGIS = 0.75V 

Small-Signal, Short Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate No.l) at f = 1 MHz 

c rss 

0.02 typ. 

0.03 max. 

0.02 typ. 

0.03 max. 

0.02 typ. 

0.03 max. 

PF 

Output Capacitance 

Coss 

2.2 

2.2 

2.2 at f = 44 MHz 

PF 

Input Capacitance 

c iss 

5.5 

5.5 

5.5 

PF 

Input Resistance 

r iss 

1.2 

IP 

1.2 

kO 

Output Resistance 

r oss 

2.8 

12 

12 at f = 44 MHz 

kO 

Magnitude of Forward Transadmittance 

M 

11000 

11000 

2700* 

Mmho 

Phase Angle of Forward 
Transadmittance 

Id 

-46 

-11 

- 

degrees 

Maximum Available Power Gain 

MAG 

20 

35 

14** 

dB 

Maximum Usable Power Gain 
(Unneutralized) 

MUG, 

20 A 

1 Stage 28 

2 Stages 26 

3 Stages 24 

_ 

dB 

dB 

dB 

Power Gain 

See Fig.l for measurement circuit 

G PS 

17.5 

- 

- 


Noise Figure 

NF 

5 max. 

- 

- 

dB 


* Magnitude of forward conversion transadmittance 

** Maximum available conversion gain 
A Limited by practical design considerations 
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* Tubular ceramic. 
v Disk ceramic. 

# Ferrite bead (% used); Indiana General No. H1742C-(A-147) 
or F1157-1-H, or equivalent. 

Ci, C 2 : 1*5-5 pF variable air capacitor: E. F. Johnson Type 160-102, 
or equivalent. 

C 3 : 1-10 pF piston-type variable air capacitor: JFD Type VAM-010, 
Johanson Type 4335, or equivalent. 

C 4 : 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
MH-13, 4 or equivalent. 

Lj: 5 turns silver-plated 0.02" thick, 0.07"- 0.08" wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from Cl end 
of winding. 

L 2 : Same as Li except winding length approx. 0.7"; no tap. 


Figure Test Circuit for 40600 and 40602 
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40600-40602 


TYPICAL SMALL-SIGNAL Y-PARAMETER CHARACTERISTICS at 44 MHz 



Fig. 18 - Y- Is vs. V os 
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TYPICAL SMALL-SIGNAL Y-PARAMETER CHARACTERISTICS at 44 MHz 
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MB/JQ 

Solid State 
Division 


MOS Field -Effect Transistors 

40603 

40604 


RCA 40603 and 40604 are n-channel silicon, deple- 
tion type, dual insulated-gate, field-effect transistors 
utilizing the MOS construction. 

These devices have exceptional characteristics for 
rf-amplifier (40603) and mixer applications (40604) in 
FM tuners and other commercial equipment operating 
at frequencies up to approximately 150 MHz. These tran- 
sistors feature a series arrangement of two separate 
channels, each channel having an independent control 
gate. For amplifier applications the 40603 with its wide 
dynamic range provides substantially better cross-modu- 
lation performance and relative freedom from spurious 
responses than is obtainable with bipolar or single-gate 
field-effect transistors. The mixing function performed 
by the 40604 is unique in that the signal applied to gate 
No. 2 is used to modulate the input-gate (gate No.l) 
transfer characteristic. This technique is superior to 
conventional “squhre law” mixing, which can only be 
accomplished in the non-linear region of the device trans- 
fer characteristic. 

Because of the low feedback capacitance (0.02 typ. 
pF) the 40603 can provide a power gain of 25 dB (typ.) 
at 100 MHz in an unneutralized amplifier circuit. 

The gain of the rf stage can be controlled by apply- 
ing age voltage to gate No. 2. Virtually no age power is 
required for full gain reduction. 

The 40603 and 40604 are hermetically sealed in 
JEDEC TO-72 packages. 


Maximum Ratings, Absolute-Maximum Values at T& = 25°C: 


DRAIN -TO-SOURCE VOLTAGE, V D s .... 0 to +20 V 

GATE No. 1-TO-SOURCE VOLTAGE, V G is: 

Continuous (dc) -8 to +1 V 

Peak ac -8 to +20 V 

GATE No. 2- TO-SOURCE VOLTAGE, V G 2S: 

Continuous (dc) -8to40%ofVDS V 

Peak ac -8 to +20 V 

DRAIN-TO-GATE VOLTAGE, 

VdgI or VDG2 +20 V 

DRAIN CURRENT, Id (Pulsed): 

Pulse duration ^ 20 ms, 

duty factor Z 0.15 50 mA 

TRANSISTOR DISSIPATION, Pt: 

At ambient ) up to 25°C 400 mW 

temperatures f above 25°C derate linearly at 

2.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 °C 

LEAD TEMPERATURE (During soldering): 

At distances > 1/32" from seating 

surface for l(X"seconds max 265 °C 


SILICON DUAL 
INSULATED-GATE 
FIELD-EFFECT 
TRANSISTORS 

N-Channel Depletion Types 
For FM Tuner Applications 

PERFORMANCE FEATURES 

• large dynamic range permits large-signal handling be- 
fore overload 

• dual gates allow product mixing with extremely low 
harmonic generation 

• greatly reduces spurious responses in FM receivers 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

• superior cross -modulation performance and greater dy- 
namic range than bipolar and single-gate field-effect 
transistors 

DEVICE FEATURES 

• extremely low feedback capacitance 

C rss = 0 02 P F f yP- 

• high unneutralized RF power gain 

MUG = 25 dB (typ.) for 40603 

• low noise figure 

NF = 2.5 dB typ. for 40603 
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40603, 40604 


ELECTRICAL CHARACTERISTICS, at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

40603 

RF AMPLIFIER 

40604 

MIXER 

Typ. 

Max. 

Typ. 

Max. 

Gate No.l-to-Source Cutoff 
Voltage 

v G is<°ff) 

V DS = +15 V, l D = 200 mA 

V G2S = +4 V 

-2 

~ 

-2 

- 

V 

Gate No.2-to-Source Cutoff 
Voltage 

v G2S(° ff ) 

Vds = +15 V, l D = 200 mA 

Vq1S = 0 

-2 


-2 

- 

V 

Gate No.l Leakage Current 

'GISS 

Vq1S = *20 V, VQ2S = 0. V DS = 0 

- 

l 

- 

1 

nA 

Gate No.2 Leakage Current 

>G2SS 

V G 2S = *20 V, VQ1S = 0, V DS = 0 

~ 

1 

- 

1 

nA 

Zero-Bias*Voltage Drain Current 

'OSS 

VG2S = +4 V, V G1S = 0, V 0S = +13 V 

18 

- 

18 

- 

mA 

Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate-No.l) 

Crss 

Vos = +1 3 V, l D = 10 mA, f = 1 MHz 
V G2S = *4 v 

0.02 

0.03 

0.02 

0.03 

pF 

Input Capacitance 

c iss 

Vqs = +l 3 V, l D = 10 mA 

Vq 2S = +4 V, f = 1 MHz 

5.5 

** 

5.5 

** 

pF 

Output Capacitance 

C oss 

Vqs = + ^3 V, Iq = 10 mA 

Vq 2S = +4 V, f = 100 MHz 

2.1 

- 

2.3 

** 

pF 

Input Resistance 

Ms 

V DS = +13 V, l D = 10 mA 

VQ2S = +4 V. f = 100 MHz 

3.5 

- 

3.5 

** 

kfi 

Output Resistance 

r os 

VoS =+ 13V f = 100 MHz 

4 

- 

- 

- 

kfi 

In lUfTlM 

Vg2S =+ 4V f = 10.7 MHz 


“ 

20 


kfi 

Forward Transconductance 

ifs 

Vos = + 13 v, l D = 10 mA 

V G2S = + 4 V, f = 1 kHz 

10,000 

** 

2800* 


Atfnho 

Maximum Available Power Gain 

MAG 

V DS = +13 V, l D = 10 mA 

V G 2S = +4 V 

f = 100 MHz, f out for 40604 
(mixer) = 10.7 MHz 

26 

- 

21 

** 

dB 

Maximum Uaable Power Gain 

(Unneutralized) 

MUG 

25* 

* 

- 

- 

dB 

Noise Figure 

NF 

2.5 

" 


" 

dB 


* conversion transconductance 

*or limited by practical design considerations 
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TYPICAL Y-PARAMETER 



DRAIN TO SOURCE VOLTS (Vds) 

92CS-I47I8RI 


Fig.1 - Y is vs. V DS 



92CS 14757 


Fig 3 - Yf s vs. V G2S 



92CS-I47I6RI 

Fig.5 - Y fS vs. V G2S 


Pile No. 334 

CHARACTERISTICS at 100 MHz 



92CS— I4754RI 


Fig. 2 - Y QS vs.V DS 
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TYPICAL TRANSCONDUCTANCE CHARACTERISTIC 
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TYPICAL Y-PARAMETER CHARACTERISTICS at 100 MHz 


File No. 334 


40603, 40604 



DRAIN MILLIAMPERES (I D ) 

Fig .7 - Yj s vs. Ip 


92CS-I47I9RI 





DRAIN MILLIAMPERES (I 0 ) 

Fig. 9 - Yf s vs. Ip 


92 CS I47S6 


DRAIN MILLIAMPERES (I D ) 

Fig. 10 - Y rs vs. Ip 


TERMINAL DIAGRAM 



Lead I — Drain 

lead 2 — Gale No. 2 

Lead 3 — Gate No. 1 

Lead 4 — Source, Substrate and Case 
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MOS Field -Effect Transistors 



Solid State 
Division 


RCA40673 is an n-channel silicon, depletion type, dual 
insulated-gate field-effect transistor. 

Special back-to-back diodes are diffused directly into the 
MOS* pellet and are electrically connected between each 
insulated gate and the FET’s source. The diodes effectively 
bypass any voltage transients which exceed approximately 
±10 volts. This protects the gates against damage in all 
normal handling and usage. 

A feature of the back-to-back diode configuration is that it 
allows the 40673 to retain the wide input signal dynamic 
range inherent in the MOSFET. In addition, the low junction 
capacitance of these diodes adds little to the total 
capacitance shunting the signal gate. 

The excellent overall performance characteristics of the 
RCA-40673 make it useful for a wide variety of rf-amplifier 
applications at frequencies up to 400 MHz. The two 
serially-connected channels with independent control gates 
make possible a greater dynamic range and lower cross- 
modulation than is normally achieved using devices having 
only a single control element. 

The two gate arrangement of the 40673 also makes possible a 
desirable reduction in feedback capacitance by operating in 
the common-source configuration and ac-grounding Gate No. 
2. The reduced capacitance allows operation at maximum 
gain without neutralization; and, of special im- 
portance in rf-amplifiers, it reduces local oscillator 
feedthrough to the antenna. 

The 40673 is hermetically sealed in the metal JEDEC TO-72 
package. 

*Metal-Oxide-Semlconductor. 


Maximum Ratings, Absolute-Maximum Values, at Tj± = 25°C 


DRAIN-TO-SOURCE VOLTAGE, V DS 

-0.2 to +20 

V 

GATE No.l-TO-SOURCE VOLTAGE, V G1S : 
Continuous (dc) 

-6 to +1 

V 

Peakac 

-6 to +6 

V 

GATE No.2-TO-SOURCE VOLTAGE, V G2S : 

Continuous (dc) -6 to 30% of Vqs 

V 

Peak ac 

-6 to +6 

V 

DRAIN-TO-GATE VOLTAGE, 

Vdgi OR v DG2 

+20 

V 

DRAIN CURRENT, l D 

TRANSISTOR DISSIPATION, P T : 

At ambient ) up to 25°C 

50 

mA 

330 

mW 

temperatures J above 25°C derate linearly at 

2.2 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 

°c 

LEAD TEMPERATURE (During soldering): 
At distances^ 1/32 inch from 
seating surface for 10 seconds max. 

265 

oc 


40673 


SILICON DUAL INSULATED-GATE 
FIELD-EFFECT TRANSISTOR 

N-Channel Depletion Type 
With Integrated 
Gate -Protection Circuits 
For RF Amplifier 
Applications up to 400 MHz 

APPLICATIONS 

• RF amplifier, mixer, and IF amplifier 
in military, industrial, and consumer 
communications equipment 

• aircraft and marine vehicular receivers 

• CATV and MATV equipment 

a telemetry and multiplex equipment 

PERFORMANCE FEATURES 

a superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET s 

• wide dynamic range permits large-signal handling 
before overload 

• dual-gate permits simplified age circuitry 

• virtually no age power required 

• greatly reduces spurious responses in fm receivers 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

DEVICE FEATURES 

• back-to-back diodes protect each gate against 

handling and in-circuit transients 

• low gate leakage currents 

*G1SS & , G2SS = 20 nA(max.) atT^ = 25°C 

a high forward transconductance 

gf s = 12,000 ymho (typ.) 

a high unneutralized RF power gain 

G ps = 18dB(typ.) at 200 MHz 

a low VHF noise figure 3.5 dB(typ.) at 200 MHz 
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ELECTRICAL CHARACTERISTICS, at T^ = 25°C unless otherwise specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

1 LIMITS | 

UNITS 

| Min. j 

TVP- | 

| Max. | 

Gate-No. 1-to-Source Cutoff Voltage 

v GlS(off) 

V DS = +15V, I d = 200yA 
V G2S = +4V 

■ 

B 

B 

V 

Gate-No.2-to-Source Cutoff Voltage 

v G2S(off) 

V D s = +15V, l D = 200yA 
V G is = 0 

■ 

B 

B 

V 

Gate-No. 1 -Leakage Current 

'G1SS 

Vq-js = + 1 or- 6 Y 

Yds = V G2S = 0 

■ 

B 

50 

nA 

Gate-No.2-Leakage Current 

>G2SS 

V G 2S = ± 6V 

Yds = °. v gis = 0 

■ 

B 

50 

nA 

Zero-Bias Drain Current 

l DSS 

V D s = +15V 

Vq2S = + 4V 

V G1S = 0 

5 

15 

35 

mA 

Forward Transconductance 
(Gate-No.1 -to-Drain) 

9fs 

V ds = + 1 5V,I d = 10mA 

V G2S = +4V ,f = 1kHz 

- 

12,000 

B 

ymho 

Small-Signal, Short-Circuit Input 
Capacitance t 

c iss 

V ds = +15V, I d = 10mA 

v G2S = +4V ' f,t1MHz 

- 

6 

B 

pF 

Small-Signal, Short-Circuit, 

Reverse Transfer Capacitance 
(Drain-to-Gate No.1) 4 

G rss 

0.005 

0.02 

0.03 

pF 

Small-Signal, Short-Circuit Output 
Capacitance 

c oss 


■ 

2.0 

B 

pF 

Power Gain (see Fig. 1) 

G PS 


14 

18 

- 

dB 

Maximum Available Power Gain 

MAG 


- 

20 

- 

dB 

Maximum Usable Power Gain 
(unneutralized) 

MUG 


- 

20* 

■ 

dB 

Noise Figure (see Fig. 1) 

NF 

V ds = +15V, I d = 10mA 

V G2S = +4V , f = 200 MHz 

- 


6.0 

dB 

Magnitude of Forward Transadmittance 

lYfsl 

- 

12,000 

- 

ymho 

Phase Angle of Forward Trans- 
admittance 

9 

B 

-35 

B 

degrees 

Input Resistance 

r iss 


- 

1.0 

- 

k £2 

Output Resistance 

r oss 


- 

2.8 

- 

kfl 

Protective Diode Knee Voltage 

Vknee 

l DIODE(REVERSE)=±100yA 

_ 

±10 

- 

V 


’"Limited only by practical design considerations. 

^Capacitance between Gate No. 1 and ail other terminals 

*Three-terminal measurement with Gate No. 2 and Source returned to guard terminal. 


OPERATING CONSIDERATIONS 

The flexible leads of the 40673 are usually soldered to the 
circuit elements. As in the case of any high-frequency 
semiconductor device, the tips of soldering irons MUST be 
grounded. 
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#Ferrite bead (4); Pyroferric Co. “Carbonyl J“ Q ■ 40673 

0.09 in. OD; 0.03 in. ID; 0.063 in. thickness. T Oise ceramic. 

All resistors in ohms *Tubular ceramic. 

All capacitors in pF 

Cj: 1.8- 8.7 pF variable air capacitor: E.F. Johnson Type 160-104, .. 
or equivalent. 

C£: 1.5 - 5 pF variable air capacitor: E.F. Johnson Type 160-102, 
or equivalent. 

C 3 : 1 - 10 pF piston-type variable air capacitor: JFD Type VAM-010; 
Johanson Type 4335, or equivalent. 

C 4 : 0.8- 4.5 pF piston type variable air capacitor.Erie 560-013 or 
equivalent. 

Lj: 4 turns silver-plated 0 . 02 -in. thick,0.075-0.085-in. wide, copper 
ribbon. Internal diameter of winding - 0.25 in, winding length 
approx. 0.80 in. 

L?: 4y 2 turns silver-plated 0 . 02 -in. thick, 0.085-0.095-in. wide, 5/16-in. 
ID. Coil =.90 in. long. 


Fig. J. 200-MHz Power gain and noise- 
figure test circuit 


i COMMON-SOURCE CIRCUIT, GATE No. I INPUT 
AMBIENT TEMPERATURE (Ta)- 25*C 
FREQUENCY (»)■ 200 MHz 
] ORAIN-TO-SOURCE VOLTS (Vds)*I5 
] GATE No. I -VOLTAGE (Vgis> IS ADJUSTED 
i FOR lo'IOmAWHEN V G2S «4V 
i GATE No. 2 AT AC-GROUND POTENTIAL 


COMMON-SOURCE CIRCUIT, GATE No. I INPUT 
AMBIENT TEMPERATURE (T A )« 25 *C 
FREQUENCY (f)« 200 MHz 
DRAIN -TO- SOURCE VOLTS <V 0 $)-I5 
GATE No. 2 -TO -SOURCE VOLTS (V G2S )*4 
GATE No. I-TO- SOURCE VOLTS (Vqis) VARIED 
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Typical y Parameters vs. Vq 2S (Cont'd) 
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Fig. 19. y rs vs. Vq2S 


Typical y Parameters vs. Frequency 
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Fig. 20. Yj s vs. frequency 



92SS-4093 

Fig. 21. y os vs. frequency 




92SS-4094 


B2SS-4093 


Fig. 22. Yfs vs * frequency 


Fig. 23. y rs vs. frequency 
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Fig. 24. gf s and Iq vs. Vq 2 S 



-2 -I 0 +1 

GATE NO.I-TO-SOURCE VOLTS (V GIS ) 

92SS-4096 

Fig. 25. gf s vs. V G7 $ 



92CS-I4787R2 

Fig. 26. gfs 2 vs. V G2 $ 


TERMINAL DIAGRAM 



LEAD 1 -DRAIN 
LEAD 2-GATE No. 2 
LEAD 3-GATE No. 1 
LEAD 4 -SOURCE, SUBSTRATE 
AND CASE 
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DUCBZ/D MOS Field -Effect Transistors 

Solid State n -Channel Depletion Type 

Division 

40819 



Silicon DuaB-lnsulated-Gate 
Field-Effect Transistor 

With Integrated Gate-Protection Circuits 
For RF Amplifier Applications up to 250 MHz 
Device Features 

n back-to-back diodes protect each gate against handling and in-circuit transients 
b high forward transconductance: gf s = 12,000 /Ltmho (typ.) 
o high unheutralized RF power gain: G ps = 18 dB (typ.) at 200 MHz 
b low VHF noise figure: 3.5 dB (typ.) at 200 MHz 
a low gate leakage currents: IGISS & IG2SS = 50 nA at Ta = 25° C 
a increased drain-to-source voltage rating: Vqs = -0-2 to +25 V 


RCA-40819 is an n-channel silicon, depletion type, dual in- 
sulated-gate field-effect transistor (FET). 

The excellent overall performance characteristics of the 
RCA-40819 make it useful for a wide variety of rf-amplifier 
applications at frequencies up to 250 MHz. The two serially- 
connected channels with independent control gates make 
possible a greater dynamic range and lower cross-modula- 
tion than is normally achieved using devices having only a 
single control element. 

The two-gate arrangement of the 40819 also makes possible 
a desirable reduction in feedback capacitance by operating 
in the common-source configuration and ac grounding Gate 
No.2. The reduced capacitance allows operation at maxi- 
mum gain w/f/?oi/f neutralization and reduces local oscillator 
feedthrough to the antenna — features of special importance 
in rf and if amplifiers. 

Special back-to-back diodes are diffused directly into the 
MOS* pellet and are electrically connected between each 
insulated gate and the FET's source. The diodes effectively 
bypass any voltage transients which exceed approximately 
±10 volts and protect the gates against damage in all normal 
handling and usage. 

The back-to-back diode configuration permits the 40819 to 
retain the wide input signal dynamic range inherent in the 
MOSFET. In addition, the low junction capacitance of these 
diodes adds little to the total capacitance shunting the signal 
gate. 


Applications 

a RF amplifier, mixer, and IF amplifier in military, 
industrial, and consumer communications equipment 
a aircraft and marine vehicular receivers 
n CATV and MATV equipment 
n telemetry and multiplex equipment 


Performance Features 

b superior cross-modulation performance and greater 
dynamic range than bipolar or- single-gate FET s 

a wide dynamic range permits large-signal handling before 
overload 

n virtually no age power required 
n greatly reduces spurious responses in FM receivers 
n dual gate permits simplified AGC circuitry 


The 25-volt drain-to-source rating permits the use of higher 
voltage power supplies. 

The 40819 is hermtically sealed in the metal JEDECTO-72 
package. 


•Metal-Oxide-Semiconductor 
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40819 

Maximum Ratings 

Continuous Working Voltage # at T 4 = 25° C: 

Gate No.l-to-Source Voltage, Vqis • • —6 to +3 V 

Gate No.2-to-Source Voltage, Vq 2S ■ • —6 to +6 or V 

40% of Vqs 
( whichever value is less) 

Drain-to-Gate Voltage, V^gI or 

V DG 2 +25 V 


Continuous Working Voltage Ratings must be observed to maintain 
device characteristics. These ratings are based on long-term con- 
tinuous voltage operation but may be exceeded for short durations 
(e.g. testing of device characteristics), provided the absolute Maxi- 
mum Ratings are not exceeded. 
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Absolute Maximum Values, at = 25° C: 


Drain-to-Source Voltage, Vq§ 

-0.2 to +25 

V 

Gate Terminal Current, 

'G1S or 'G2S 

+ 100 

jUA 

Drain-to-Gate Voltage, 

Vqgi or VqG2 

+31 

V 

Drain Current, Iq 

50 

mA 

Transistor Dissipation, Pj: 

At T a up to 25°C 

330 

mW 

At T a above 25°C 

derate linearly 2.2 mW/°C 

Ambient Temperature Range: 

Operating and Storage 

-65 to +175 

°C 

Lead Temperature (During Soldering): 

At distances 1/32 in from seating 
surface for 10 s max 

265 

°C 


ELECTRICAL CHARACTERISTICS, at T A = 25° C unless otherwise specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Gate-No.l-to-Source Cutoff Voltage 

VGIS(off) 

VDS = +15V,lD = 200pA 
Vq2S = HV 

- 

a 

a 

V 

Gate-No.2-to-Source Cutoff Voltage 

VG2S(off) 

Vds = + 15V,Id = 200pA 

vgis = o 

- 

a 

-4 

a 

Gate-No.l-Leakage Current 

•G1SS 

•VgiS = ±6V 

Vos = 0, VG2S = 0 

- 

a 

50 

^nn 

Gate-No.2-Leakage Current 

•G2SS 

Vg2S = ±6V 

Vd$ = 0, Vgis = 0 

- 

a 

50 

nA 

Zero-Bias Drain Current 

'OSS 

Vds = +15V 

VG2S = +4 v , Vgis = 0 

5 

15 

35 

n 

Forward Transconductance (Gate-No.l-to-Drain) 

9fs 

Vds = + 15V,Id = 10 mA 
VG2S s+ 4 V,f = 1 kHz 

- 

12,000 

- 

pmho 

Small-Signal, Short-Circuit Input Capacitancet 

Ciss 

VqS = +15 V,Id = 10 mA 
VG2S = + 4 V, f = 1 MHz 

- 

6 

- 

pF 

Small-Signal, Short-Circuit, 

Reverse Transfer Capacitance 
(Drain-to-Gate No.1)* 


0.005 

0.02 

0.03 

pF 

Small-Signal, Short-Circuit Output Capacitance 

Coss 

- 

2 

- 

pF 

Power Gain (see Fig. 1) 


VDS = + 15 V, Iq = 10 mA 
VG2S = +4.V, f = 200 MHz 


18 

- 

dB 

Maximum Available Power Gain 

MAG 

- 

20 

- 

dB 

Maximum Usable Power Gain (unneutralized) 

MUG 

- 

20* 

- 

dB 

Noise Figure (see Fig. 1) 

NF 

- 

3.5 

6.0 

dB 

Magnitude of Forward Transadmittance 

lY fs l 

- 

12,000 

- 

/imho 

Phase Angle of Forward Transadmittance 

d 

- 

-35 

- 

degrees 

Input Resistance 

r iss 

- 

1 

- 

kfl) 

Output Resistance 

r oss 

- 

2.8 

- 

kft 

Protective Diode Knee Voltage 

Vknee 

I diode (reverse)r±,00 ^ A 

- 

±10 

- 

V 


* Limited only by practical design considerations. t Capacitance between Gate No.1 and all other terminals. 

4 Three-terminal measurement with Gate No.2 and Source returned to guard terminal. 
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#Ferrite bead (4); Pyroferric Co. 

"Carbonyl J" 0.09 in OD; 0.03 
in ID; 0.063 in thickness. 

All resistors in ohms 

All capacitors in pF 

Ci : 1.8 — 8.7 pF variable air capacitor: E. F. Johnson 

Type 160-104, or equivalent. 

C2: 1.5 —'5 pF variable air capacitor: E. F. Johnson Type 

160-102, or equivalent. 

C3: 1 — 10 pF piston-type variable air capacitor: JFD 

Type V AM-010; Johanson Type 4335, or equivalent. 

C4: 0.8 — 4.5 pF piston type variable air capacitor: Erie 

560-013 or equivalent. 

Li: 4 turns silver-plated 0.02-in thick, 0.075-0.085 in 
wide, copper ribbon. Internal diameter of winding = 
0.25 in, winding length approx. 0.80 in. 

L2: 4-1/2 turns silver-plated 0.02 in thick, 0.085-0.095- 

in wide, 5/16-in; ID Coil = .90 in long. 


Q = 40673 
▼ Disc ceramic. 

* Tubular ceramic. 


Fig. 1. 200 MHz power gain and noise figure test circuit 
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GATE No. I — TO-SOURCE VOLTS (V G)S ) 


92CS— I4790R2 

Fig. 6. Iq vs. Vq is 






COMMON-SOURCE CIRCUIT, GATE No. 1 INPl 
AMBIENT TEMPERATURE (Ta)=25°C 
DRAIN-TO-SOURCE VOLTS (V DS ) = I5 

GATE No.l -VOLTAGE (V GIS ) IS ADJUSTED 
FOR I D =IOmA WHEN V G2S =4 V 
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Typical y Parameters vs. Vds 
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COMMON SOURCE CIRCUIT 

AMBIENT TEMPERATURE (T A )=25°C 
FREQUENCY (f) = 200 MHz 
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Typical y Parameters vs. I q 
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Fig. 21. y os vs. frequency 
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Fig. 22. yfs vs. frequency 


Fig. 23. vs. frequency 
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OPERATING CONSIDERATIONS 

The flexible leads of the 40819 are usually soldered to the 
circuit elements. As in the case of any high-frequency semi- 
conductor device, the tips of soldering irons MUST be 
grounded. 


TERMINAL DIAGRAM 



LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 -GATE No.1 

LEAD 4 - SOURCE, SUBSTRATE, AND CASE 
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Solid State 
Division 


MOS Field-Effect Transistors 

N-Channel Depletion Types 

40820-40821 



Silicon Dual-Insulated -Gate 
Field-Effect Transistors 

With Integrated Gate-Protection Circuits 
For VHF-TV Tuner Applications 

40820 - RF Amplifier 40821 - Mixer 

Device Features 

a back-to-back diodes protect each gate against handling and in-circuit transients 

■ high forward transconductance: gf s = 12,000 ;umho (typ.) 

■ high unneutralized RF power gain: G ps = 17 dB (typ.) at 200 MHz (40820) 

■ low VHF noise figure: 3.5 dB (typ.) at 200 MHz (40820) 

■ low gate leakage currents: IqisS & *G2SS = 50 n A 


RCA-40820 and 40821 are n-channel silicon, depletion type, 
dual-insulated-gate, MOS A field-effect transistors for RF 
amplifier (40820) and mixer (40821) applications in 
VHF-TV receivers and other commercial equipment 
operating at frequencies up to 250 MHz. 

These devices designed for VHF performance, provide 
excellent power gain, low-noise figures and have wide 
dynamic range. The dual-gate feature offers good cross- 
modulation performance over the AGC range and reduces 
feedback capacitance by shielding Gate No. 1 from the drain. 
The very low feedback capacitance also eliminates the need 
for circuit neutralization and reduces local oscillator feed- 
through to the antenna. 

Virtually no AGC power is required because of the high gate 
input resistance of the MOS FET types. Automatic AGC 
delay can be achieved with a very slight change in the input 
impedance by the application of AGC voltage to Gate No. 2. 

* Metal-Oxide-Semiconductor. 


Performance Features 

■ superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET s 

■ wide dynamic range permits large-signal handling 
before overload 

■ virtually no age power required 

■ dual gate permits simplified AGC circuitry 


The dual-gate arrangement also makes it possible to isolate 
the local oscillator signal from the incoming signal by 
applying each signal to a separate gate. 

Integral back-to-back diodes protect the gates against damage 
in normal handling and usage by limiting transient voltages 
that exceed ±10 volts. The 40820 and 40821 are hermeti- 
cally sealed in metal JED EC TO-72 packages. 


TERMINAL DIAGRAM 



LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.1 

LEAD 4 - SOURCE, SUBSTRATE, AND CASE 
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40820, 40821 


Maximum Ratings 

Continuous Working Voltage # at T/\ = 25° C: 
Gate No. 1-to-Source Voltage, 

Gate No. 2-to-Source Voltage, Vq2S 

Drain-to-Gate Voltage, Vqq-j or Vqq2 

Absolute Maximum Values, at T A = 25° C: 

Drain-to-Source Voltage, Vpg 

Gate Terminal Current, Iqis or *G2S 

Drain-to-Gate Voltage, V^q^ or Vqq 2 

Drain Current, Iq 

Transistor Dissipation: 

At T^ up to 25° C 

At Tfr above 25°C 

Ambient Temperature Range: 

Operating and Storage 

Lead Temperature (During Soldering): 

At distances 1/32 in from seating 

surface for 10 s max 


40820 


-6 to +3 

-6 to +6 or 40% of Vq§ 
(whichever value is less) 
+20 


-0.2 to +20 
±100 
+26 
50 


40821 


—4.5 to +3 


-4.5 to +4.5 or -4.5 to 40% of Vqs 
( whichever value is less) 

+20 


-0.2 to +20 
±100 
+24.5 
50 


330 I 330 

derate linearly 2.2 mW/°C 


-65 to +175 


265 


-65 to +175 


265 


V 

V 

V 


V 
juA 

V 
mA 

mW 


°C 

°C 


# Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratings are 
not exceeded. 


TYPICAL CHARACTERISTICS 
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Fig. 1 - vs. VgIS f° r types 40820 and 40821. 
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DRAIN-TO-SOURCE VOLTS (Vps) 

92CS- 17464 

Fig. 3 — Ip vs. Vp§ for types 40820 and 40821. 



GATE NO. 2 - TO- SOURCE VOLTS (V G2 g) 

92CS- 174 63 

Fig.2 — Ip vs. Vq 2S for types 40820 and 40821. 



92CS-I5IIIRI 


Fig.4 - Gps(C) vs. V L0 for type 40821. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

— 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

40820 

40821 

Min. 

Typ. 

Max. 

Min. 

Typ. 


Gate No. 1 to Source Cutoff Voltage 

v G1S(off) 

V DS = + 15V,l D =200pA,V G2 s= +4V 

- 

-1 

-3 

- 

-1 

-3 

V 

Gate No. 2 to Source Cutoff Voltage 

v G2S(off) 

V DS “+15V,l D =200pA,V G1s =0 

- 

-1 

-3 

- 

-1 

-3 

V 

Gate to-Source Forward Breakdown Voltage: 

Gate No. 1 

V (BR)G1SSF 

'gissf 

'G2SSF 

lOOpA 

V G2S V DS = 0 

_ 

9 

_ 

_ 

11 

_ 

V 

Gate No. 2 

V (BR)G2SSF 

V G1S V DS - 0 

- 

9 

- 

- 

11 

- 

V 

Gate to-Source Reverse Breakdown Voltage: 

Gate No. 1 

V (BR)G1SSR 

'GISSR 

'G2SSR 

100 p A 

V G2S V DS 0 

_ 

9 

_ 

_ 

11 

_ 

V 

Gate No. 2 

V (BR)G2SSR 

VG1S - V DS 0 

- 

9 

- 

- 

11 

- 

V 

Gate No. 1 -Terminal Forward Current 

'gissf 

V DS VG2S 0 

V G is 6 V 

- 

- 

50 

- 

- 

- 

nA 

V G is - 4 -5V 

- 

- 

- 

- 

- 

50 

nA 

Gate No. '1 -Terminal Reverse Current 

'gissr 

V DS V G2S 0 

V G is -6V 

- 

•- 

50 

- 

- 

- 

nA 

V G 1S ~ 45V 


- 

- 

- 

- 

50 

nA 

Gate No. 2-Terminal Forward Current 

*G2SSF 

V DS V G1S 0 

V G2S 6 v 

- 

- 

50 

- 

- 

- 

nA 

V G2S 4 5 V 

- 

- 

- 

- 


50 

nA 

Gate No. 2-Terminal Reverse Current 

'G2SSR 

V DS V G1S 0 

V G2S -6 V 

_ 

_ 

50 

_ 

_ 

_ 

nA 

V G2S - 4.5 V 

- 

- 

- 

- 

- 

50 

nA 

Zero-Bias Drain Current 

•ds 

V D s 4 '5 v / V G1S " °r v G2S +4 v 

0.5 

8 

15 

0.5 

8 

20 

mA 

Forward Transconductance 
(Gate No. 1-to-Drain) 

9fs 

V DS *15V 

Iq 10 mA 

V G2S 44 v 

f 1 kHz 


12000 

- 

- 

12000 

- 

pmho 

Small Signal, Short-Circuit Input Capacitance^ 

Ciss 

f 1 MH/ 


6 

8.5 

- 

6 

9 

PF 

Small Signal, Short-Circuit, Reverse Transfer 
Capacitance (Drain-to Gate-No. 1)4 

Crss 

0.005 

0.02 

0.03 

0.005 

0.02 

0.04 

pF 

Small Signal, Short-Circuit Output Capacitance 

C oss 

- 

2 

- 

- 

2 

- 

pF 

Power Gain (see Fig. 6) 

G PS 

f - 200 MHz 

14 

17 

- 

- 

- 

- 

dB 

Noise Figure (see Fig. 6) 

NF 


4.5 

6 

- 

- 

- 

dB 

Conversion Gain 

G PS(C) 

f 200/44 MHz 

- 


- 

11 

- 


dB 


♦ Capacitance between Gate No. 1 and all other terminals. 4 Three-terminal measurement with Gate No. 2 and Source returned to guard terminal. 


734 



File No. 464 


40820, 40821 



Q = 40821 

▼Disc, ceramic. 

* Tubular ceramic. 

All resistors in ohms 

All capacitors in pF 

Ci, C2: 1.5—5 pF variable air capacitor: E.F. Johnson Type 
160-102 or equivalent. 

C3: 1-10 pF piston-type variable air capacitor: JFD Type 
VAM-010, Johanson Type 4335, or equivalent. 

C4: 0.9—7 pF compression-type capacitor: ARCO 400 
or equivalent. 

I_i: 5 turns silver-plated 0.02" thick, 0.07"-0.08" wide 
copper ribbon. Internal diameter of winding = 
0.25"; winding length approx. 0.65". Tapped at 
1-1/2 turns from C-j end of winding. 

I_2: Ohmite Z-235 RF choke or equivalent 

L3: J. W. Miller Co. #4580 0.1 /iH RF choke or 
equivalent. 

Note: If 50£2 meter is used in place of sweep detector, a 
low pass filter must be provided to eliminate local 
oscillator voltage from load. 


Fig. 5 — Conversion power gain test circuit for type 40821. 



^Ferrite bead (4); Pyroferric Co. Q = 40820 

"Carbonyl J" 0.09 in OD; 0.03 ▼ Disc ceramic, 

in ID; 0.063 in thickness. * Tubular ceramic. 

All resistors in ohms 

All capacitors in pF 

Ci: 1.8 — 8.7 pF variable air capacitor: E. F. Johnson 
Type 160-104, or equivalent. 

C2: 1.5 - 5 pF variable air capacitor: E. F. Johnson Type 

160-102, or equivalent. 

C3: 1 — 10 pF piston-type variable air capacitor: JFD 

Type VAM-010; Johanson Type 4335, or equivalent. 

C4: 0.8 — 4.5 pF piston type variable air capacitor: Erie 

560-013 or equivalent. 

Li: 4 turns silver-plated 0.02-in thick, 0.075-0.085 in 
wide, copper ribbon. Internal diameter of winding = 
0.25 in, winding length approx. 0.80 in. 

L2‘. 4-1/2 turns silver-plated 0.02 in thick, 0.085-0.095- 

in wide, 5/16-in; ID Coil % 0.90 in. long. 


Fig. 6 — 200 MHz power gain and noise figure test circuit for type 40820. 
Table 1 — y parameters vs. frequency 


CHARACTERISTICS 

SYMBOL 

FREQUENCY (MHz) 

UNITS 

50 

100 

200 

250 

Y Parameters 

Input Conductance 

9is 

0.08 

0.33 

1.0 

1.6 

mmho 

Input Susceptance 

bis 

1.8 

3.6 

7.5 

9.8 

mmho 

Magnitude Forward Transadmittance 

l y f S l 

12 

12 

12 

12.3 

mmho 

Angle of Forward Transadmittance 

<Yfs 

-2 

-13 

-35 

-45 

degrees 

Output Conductance 

9os 

0.10 

0.18 

0.36 

0.42 

mmho 

Output Susceptance 

bos 

0.5 

1.0 

2.0 

2.6 

mmho 

Magnitude of Reverse Transadmittance 

IVrsI 

8 

12 

25 

40 

//mho 

Angle of Reverse Transadmittance 

<Vrs 

-88 

-73 

-25 

-10 

degrees 
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TEST CONDITIONS: Drain-to-Source Volts (Vpg) = 15, Drain Milliamperes (Ip) = 10, 
Gate No.2-to-Source Volts (Vq2s) = 4 

TYPICAL CHARACTERISTICS 



GATE NO. 2 -TO- SOURCE VOLTS (V G2S ) 

92CS-I746I 

Fig. 7 — g f$ vs. Vq 2 s for types 40820 and 
40821. 



Fig. 8 - gf s vs. Vqjs for types 40820 and 
40821. 



AGC VOLTS (V AGC ) 

92CS- 17459 


Fig. 9 -Gp S vs. V AGC for type 40820. 


OPERATING CONSIDERATIONS 

The flexible leads of the 40820 and 40821 are usually high-frequency semiconductor device, the tips of soldering 
soldered to the circuit elements. As is the case with any irons MUST be grounded. 
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40820, 40821 


TYPICAL y PARAMETERS 


y parameters vs. Vqs 


INPUT CONDUCTANCE tgis) — MILLIMHOS 
o o - 

a) bo - ro 

COMMON SOURCE CIRCUIT 

AMBIENT TEMPERATURE (T A )*25°C 
FREQUENCY (f)«200 MHz 

DRAIN MILLIAMPERES (I 0 )« 10 

GATE No. 2-TO- SOURCE VOLTS (V 62 s)* +4 

T 
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Fig. 10- y js vs. V QS 
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F '9- 11 - Vos vs - V DS 
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Fig. 13 - y rs vs. V QS 


y parameters vs. ID 
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Solid State 
Division 


MOS Field- Effect Transistors 

N-Channel Depletion Types 

40822-40823 



Siiicon Dual-Insulated -Gate 
Field-Effect Transistors 

With Integrated Gate-Protection Circuits 
For FM Tuner Applications 

40822 - RF Amplifier 40823- Mixer 

Device Features 

n back-to-back diodes protect each gate against handling and in-circuit transients 
b high forward transconductance: gf s = 12,000 jumho (typ.) 
a high unneutralized RF power gain: G ps = 24 dB (typ.) at 100 MHz (40822) 
o low VHF noise figure: 2 dB (typ.) at 100 MHz (40822) 
n low gate leakage currents: IqisS & *G2SS = 50 n A at = 25°C 


RCA-40822 and 40823 are n-channel silicon, depletion type, 
dual-insulated-gate, field-effect transistors for RF amplifier 
(40822) and mixer (40823) applications in FM receivers and 
other commercial equipment operating at frequencies up to 
150 MHz. 

These devices designed for VHF performance, provide 
excellent power gain, low-noise figures and have wide 
dynamic range. The dual-gate feature offers good cross- 
modulation performance over the AGC range and reduces 
feedback capacitance by shielding Gate No. 1 from the drain. 
The very low feedback capacitance also eliminates the need 
for circuit neutralization and reduces local oscillator feed- 
through to the antenna. 

Virtually no power is required in AGC utilizing the 40822 
and 40823. In addition, these devices minimize input 
impedance variations and automatically achieve AGC delay 
when AGC is applied to Gate No. 2. The dual-gate 


Performance Features 

n superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET's 
b wide dynamic range permits large-signal handling 
before overload 

n virtually no age power required 
o greatly reduces spurious responses in FM receivers 
■ dual gate permits simplified AGC circuitry 

arrangement also makes it possible to isolate the local 
oscillator signal from the incoming signal by applying each 
signal to a specific gate. 

Back-to-back diodes, diffused directly into the MOS pellet, 
protect the gates against damage in normal handling and 
usage by limiting transient voltages that exceed +10 volts. 
The 40822 and 40823 are hermetically sealed in metal 
JEDEC TO-72 packages. 


TERMINAL DIAGRAM 



LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 -GATE No.1 

LEAD 4 - SOURCE, SUBSTRATE AND CASE 


11-73 
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Maximum Ratings 

Continuous Working Voltage # at T /\ = 25° C: 

Gate No. 1-to-Source Voltage, Vq-js 

Gate No. 2-to-Source Voltage, Vq2S 

Drain-to-Gate Voltage, Vqq-j or Vqq2 

Absolute Maximum Values, at = 25 f C: 

Drain-to-Source Voltage, Vq$ 

Gate Terminal Current, IqiS or *G2S 

Drain-to-Gate Voltage, Vqgi or Vqq2 

Drain Current, \q 

Transistor Dissipation: 

At T^ up to 25° C 

At T^ above 25° C 

Ambient Temperature Range: 

Operating and Storage 

Lead Temperature (During Soldering): 

At distances 1/32 in from seating 

surface for 10 s max 


40822 


40823 


-6 to +3 

-6 to +6 or 40% of Vds 
( whichever value is less) 
+20 


-4.5 to +3 

-4.5 to +4.5 or 40% of Vqs 
( whichever value is less) 
+20 


-0.2 to +18 
±100 
+24 
50 


-0.2 to +18 
±100 
+22.5 
50 


330 I 

derate linearly 2.2 mW/°C 


330 


-65 to +175 


-65 to +175 


265 


265 


V 

V 
/iA 

V 
mA 

mW 


# Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratings are 
not exceeded. 


TYPICAL CHARACTERISTICS FOR TYPES 40822 AND 40823 




Fig. 1 - vs- Vqjs f '9 2 - 'D >*• V G2S 



DRAIN -TO -SOURCE VOLTS (V DS ) 92CS-I7476 


Fig. 3- Id ks. Vds 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 





1 

LIMITS 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

40822 

40823 

UNITS 







E99 


mi 

EBH 

EBSB 


Gate No. 1-to-Source Cutoff Voltage 

v G1S(off) 


- 

-2 

-4 


-2 

-4 

V 

Gate No. 2-to-Source Cutoff Voltage 

v G2S(off) 

V DS =+15V,l D =200pA,V G1s =0 

- 

- 2 

-4 


-2 

-4 

V 

Gate-to-Source Forward Breakdown Voltage: 

Gate No. 1 

V (BR)G1SSF 

'gissf = 

'G2SSF = 

V G2S = V DS ~ 0 

_ 

H 

_ 

WM 

m 

_ 

H 

Gate No. 2 

V (BR)G2SSF 

100 pA 

V G1S = V DS = 0 

- 

9 

- 

- 

11 

- 

EE 

Gate-to-Source Reverse Breakdown Voltage: 

Gate No. 1 

V (BR)G1SSR 

'GISSR = 

'G2SSR= . 

V G2S = V DS = 0 

_ 

9 

_ 

_ 

11 

_ 

■ 

Gate No. 2 

V (BR)G2SSR 

100 pA 

V G1S = V DS = 0 

- 

9 

- 

- 

11 

- 

33 

Gate No. 1 -Terminal Forward Current 

'G1SSF 


V G1S = 6V 

- 

- 


- 

- 

- 



- 

- 

- 

- 

- 




'gissr 


V G1S = -6V 

- 

- 

El 

- 

- 

- 

s 



- 

- 

- 

- 

- 



Gate No. 2-Terminal Forward Current 




- 

- 

wm 

- 

- 

- 

un 

*G2SSF 

V G 2S = 4.5 V 

- 

- 


- 

- 


12 

Gate No. 2-Terminal Reverse Current 


V DS “ V G1S ~ 0 

V G2S=-6 V 

_ 

_ 

m 

_ 


- 

191 

'G2SSR 

V G2 s = -4.5 V 

- 

- 

- 

- 

- 


9Q|| 

Zero-Bias Drain Current 

•ds 

V DS = +15 V ' V G1S 

= 0,V G2 s = +4 V 

wm 

■a 


5 

D 



Forward Transconductance 
(Gate No. 1-to-Drain) 

9fs 


f = 1 kHz 

- 

12000 

- 

- 

12000 

- 

pmho 

Small-Signal, Short-Circuit Input Capacitance t 

Ciss 



- 

■a 


- 

El 

■a 

PF 

Small-Signal, Short-Circuit, Reverse Transfer 
Capacitance (Drain-to-Gate-No. 1)6 


V DS = +15V 

Iq = 10 mA 

V G 2S = +4 v 

f = 1 MHz 

0.005 

0.020 

0.030 

0.005 



D 

Small-Signal, Short-Circuit Output Capacitance 

G OSS 


- 


- 

- 

2 

- 


Power Gain (see Fig. 5) 

G PS 



KM 

mm 

- 

- 

- 

- 

■91 

Noise Figure (see Fig. 5) 

NF 


f = 100MHz 

- 

2 


- 

- 

- 


Conversion Gain 

G PS(C) 


f = 100 to 10.7MHz 

~ 

- 


El 

18 

- 

EE 


t Capacitance between Gate No. 1 and all other terminals. & Three-terminal measurement with Gate No. 2 and Source returned to guard terminal. 


OPERATING CONSIDERATIONS 

The flexible leads of the 40820 and 40821 are usually high-frequency semiconductor device, the tips of soldering 
soldered to the circuit elements. As is the case with any irons MUST be grounded. 
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LOCAL OSCILLATOR 



1.3-5 pF variable air capacitor: E.F. Johnson Type 160-102 or 
equivalent. 

2.7-19.6 pF variable air capacitor: E.F. Johnson Type 
1 60-1 1 0 or equivalent. 

80 pF max. compression-type capacitor: Arco 405 or 
equivalent 

8 turns No. 22 wire on 1/4” diameter air core. One turn 
spacing between windings. Tapped at one turn from low end. 
37 turns No. 34 wire on 3/16" diameter air core. Unloaded Q 
= 63 
40823. 


Fig. 4 - 100/10.7-MHz conversion power gain test circuit for type 40823. 


I 5 P 

INPUT 220 pF P CER.T 


1 39 PF 
4Tkfl| o\SC ' 




R s> i 

275 L 


) IOOO pF 0 1000 pF L_S 


Ci,C 2 : 1 .3-5.4 pF variable air capacitor 

C3: 1-10 pF variable air capacitor, piston type: Johanson Co., No. 
4335 

C4: 1-15 pF variable air capacitor, precision piston type: Roanwell 
Corp. SG1 1 1 29/AG 

L 1# L 2 : 0.22 /XH RF choke (7T): Miller, No. 4584 

*Ferramic toroid (1/2 used): Indiana General, No. CF101-(0-6) 


Fig. 5 - 100-MHz power gain and noise figure test circuit for type 40822. 


TYPICAL CHARACTERISTICS FOR TYPES 40822 AND 40823 


m COMMON SOURCE CIRCUIT 

0 AMBIENT TEMPERATURE (T A )*25°C 

1 FREQUENCY (f)'IKHz' 

5 OR AIN-TO-SOURCE VOLTS (V 0S )*I5 


COMMON -SOURCE CIRCUIT 
AMBIENT TEMPERATURE (T.)=25°C 
FREQUENCY (f)= I kHz 
.DRAIN -TO -SOURCE VOLTS (V Qs ) = 15 


j-GATE NO. 2 -TO - SOURCE VOLTS ( V G2S ) °+4- 


s:s:ss:sr^^!SKgssug:sssss 

55S5»:^^iH»SsSiKSHSSS 

:8888Sr//JS8K8SS838SS!8S88jgS 

■8S88r/i f ir”888|k88888?S8882|Ss 

:S88r///i8S^8S8»8S88»SS8SSSS 

mi// riimiiiii'iiimiiuui 

s' ABa&sasstein S 


GATE NO. I -TO-SOURCE VOLTS (V Grs ) 

Fig. 6-gfsVS. Vqis 



GATE NO. 2-T0-S0URCE VOLTS (V G 2s> 

Fig. 7 - gfs 2 vs. Vq2S 
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40822, 40823 


TYPICAL y PARAMETERS FOR TYPES 40822 and 40823 
y Parameters vs. Vps 



Fig. 8 - yi s vs. Vqs 
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GATE N0.2 -T0-S0URCE VOLTS (V 62s )» 4 
DRAIN MILLIAMPERES (I D )»I0 
FREQUENCY (f ) >100 MHz 

AMBIENT TEMPERATURE (T A )» 25 *C 
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Fig. 18 - Yf s vs. Vq2S 
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File No. 489 



Solid State 
Division 


MOS Field -Effect Transistors 

N-Channel Depletion Types 

40841 



Silicon Dual- Insulated Gate 
Field -Effect Transistor 

With Integrated Gate-Protection Circuits 
General-Purpose Economy Type for Applications 
from DC to 500 MHz 


Applications: 

■ DC amplifiers 

■ RF amplifiers 

■ mixers 

■ IF amplifiers 

■ video amplifiers 

■ differential amplifiers 

■ frequency multipliers 


■ choppers 

■ voltage-controlled attenuators 

■ constant-current source 

■ voltage regulators 

■ telemetry & multiplex 

■ servo amplifiers 

■ proximity switches 


RCA-40841* is an n-channel silicon, depletion type, dual- 
insulated gate, field-effect transistor intended for general- 
purpose applications from DC to frequencies up to 500 MHz. 

This MOS/FET provides excellent power gain, linear-circuit 
operation and has a wide dynamic operating range. Its 
square-law characteristics result in low cross-modulation 
performance over the AGC range. Its dual-gate construction 
reduces feedback capacitance by shielding Gate No. 1 from 
the drain, and makes it possible to isolate the local oscillator 
signal from the incoming signal bv applying the two signals 
to separate gates. The very low feedback capacitance of this 
device eliminates the need for neutralization in circuits using 
the dual-gate configuration. Use of the device in the RF 
input stage of a receiver reduces local oscillator feed-through 
to the antenna. The 40841 requires negligible AGC power, 
provides automatic delay when AGC is applied to Gate No. 
2, and exhibits slight input impedance variations during AGC 
functioning. The device has exceptionally high input im- 
pedance, an attribute for timing-circuit design. 

Back-to-back diodes are fabricated on the same monolithic 
silicon pellet as the MOS/FET to protect the gates against 
damage due to electrostatic charges frequently encountered 
during normal handling. These back-to-back diodes also 
function as "transient trappers" by limiting in-circuit 
transient voltages that exceed ±10 volts. 

Maximum ratings and electrical characteristics are included in 
the data for operation of the 40841 as the equivalent of a 
single-gate device. For single-gate operation, connect Gate 
No. 1 (Term. 2) to Gate No. 2 (Term. 3), as shown in the 
Terminal Diagrams on Page 2. The 40841 MOS/FET is 
hermetically sealed in the metal JEDEC TO-72 package. 

The following dual-gate MOS/FET types are specified for 
applications requiring premimum-grade performance: 3N200, 
3N187, 40673, 40819, 40820, 40821, 40822, and 40823. 


■ phase splitters ■ thyristor trigger circuits 

n industrial timers — long time delays 

Device Features: 

a back-to-back diodes protect gate insulation against damage 
due to static changes frequently encountered during handling 

■ high forward transconductance: gf s = 12,000 /imho (typ.) 

■ high power gain: Gp S = 32 dB (typ.) at 44 MHz 

■ gate leakage currents: IgISS and IG2SS = 60 nA (max.) 
at T A = 25°C 

■ high input impedance 

■ excellent thermal stability 

Performance Features: 

■ superior cross-modulation performance and greater dynamic 
range than bipolar and junction-gate FETs 

■ wide dynamic range permits large-signal handling before 
overloading 

■ virtually no age power required 

■ greatly reduced spurious responses in AM and FM receivers 

■ dual-gate configuration permits simplified AGC circuitry 

■ operates at frequencies to 500 MHz without neutralization 
in circuits utilizing the dual-gate configuration 

■ operates up to UHF with low-noise performance 


Detailed information, utilizing RCA dual-gate protected 
MOS/FETs in RF applications, is given in the following RCA 
Application Notes: AN-4431 "RF Applications of the 
Dual-Gate MOS/FET up to 500 MHz" and AN-4018 "Design 
of Gate-Protected MOS Field-Effect Transistors". 

* Formerly Developmental Type TA8242. 
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Maximum Ratings 

Absolute Maximum Values, at * 25° C: 

Drain-to-Source Voltage, Vqs • • • • 

Gate Terminal Current, IGIS or IG2S 

Gate Terminal Current, I GS 

Drain-to-Gate Voltage, Vqqi or Vqg2 

Drain-to-Gate Voltage, Vqg 

Drain Current, Ip 

Transistor Dissipation: 

At Ta up to 25°C 

At Ta above 25°C 

Ambient Temperature Range: 

Operating and Storage 

Lead Temperature (During Soldering): 

At distances 1/32 in from seating surface for 10 s max. 
Continuous Working Voltage # at Ta ~ 25°C: 


Dual-Gate 

Configuration 

-0.2 to +18 
±100 

+24 

50 

330 

-65 to +175 
265 


Single-Gate 

Configuration 

-0.2 to +18 

±100 

+24 

50 

330 

-65 to +175 
265 


derate linearly 2.2 mW/°C 


Gate No. 1-to-Source Voltage, Vqis 
G ate No. 2-to Source Voltage, Vq2S 


-4.5 to +3 

-4.5 to +4.5 or 40% of Vps 
(whichever value is less) 


Gate-to-Source Voltage, Vqs • 

Drain-to-Gate Voltage, VqgI or Vqq 2 
Drain-to-Gate Voltage, Vqg 


+20 


-4.5 to +3 
+20 


V 
M 
#iA 

V 

V 
mA 

mW 


°C 

°C 


V 

V 

V 

V 

V 


^Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratings 
are not exceeded. 


TERMINAL DIAGRAMS 



DUAL-GATE CONFIGURATION 

LEAD 1-DRAIN 
LEAD 2-GATE No.2 
LEAD 3-GATE No.1 
LEAD 4-SOURCE 
SUBSTRATE AND CASE 


SINGLE-GATE CONFIGURATION 

LEAD 1-DRAIN 
LEADS— 2 AND 3-GATE 
LEAD 4-SOURCE. 

SUBSTRATE AND CASE 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

CONFIGL 

DUAL-GATE 

RATION 

SINGLE-GATE 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


VGIS(off) 

V DS -+15V,l D -200/iA,VG2S“ +4 V 

_ 

B 

_ 

_ 

_ 

_ 

H 


VG2S(off) 

V DS “ +15V,I d *»200mA,V G is“0 

- 

- 2 

- 

- 

- 

- 

kb 

Single Gate 




mn 

■ 


BE 

0 

kh 

Gate-to-Source Forward Breakdown Voltage: 
Dual-Gate (No. 1) 

V(BR)G1SSF 

IG1SSF = 

IG2SSF = 

100pA 

vg2S= Vos = o 

- 

9 

_ 

_ 

_ 

_ 

1 

Dual-Gate (No. 2) 










Single-Gate 

vimrxzm 

IGSSF = lOOpA, Vds= 0 

- 

- 

- 

- 

5 

- 

mam 

Gate-to-Source Reverse Breakdown Voltage: 
Dual-Gate (No. 1) 

V(BR)G1SSR 

lG1SSR = 

'G2SSR = 

IQOpA 

VG2S= VDS= 0 

_ 

9 

_ 

- 

_ 

_ 

V 

Dual-Gate (No. 2) 

V(BR)G2SSR 

vqis = Yds = 0 

- 

9 

- 


- 

- 

V 

Single-Gate 

V(BR)GSSR 

>GSSR = 100pA, Vqs= 0 

- 

- 

- 

- 

9 

- 

V 

Gate Terminal Forward Current: 

Dual-Gate (No. 1) 

'G1SSF 

VDS= V G 2S= 0, Vqis= 6 V 

_ 

. 

60 

_ 

_ 

_ 

nA 

Dual Gate (No. 2) 

'G2SSF 

Vds = VgiS= 0, Vq2S = 6 V 

- 

- 

60 

- 

- 

- 

nA 

Single-Gate 

'GSSF 

Vos = 0 ,Vgs= 6 V 

- 

- 

- 

- 

- 

120 

nA 

GateTerminal Reverse Current: 

Dual-Gate (No. 1) 

>G1SSR 

Vds = Vg2S= 0. Vgis= —6 V 

. 

_ 

60 

. 

_ 

_ 

nA 

Dual-Gate (No. 2) 

<G2SSR 

Vos = VQ1S= 0, Vg2S= -6V 

- 

- 

60 

- 

- 

- 

nA 

Single-Gate 

'GSSR 

Vos = 0 , Vgs = -6 V 

- 

- 

- 

- 

- 

120 

nA 

Zero-Bias Drain Current: 

Dual-Gate 

ids 

V DS = +15V.VG1S= 0,V G 2S= + 4 V 

_ 

10 

_ 

_ 

. 

_ 

mA 

Single-Gate 

•dss 

Vqs = +15V,Vgs = 0 

- 

- 

- 

- 

3.7 

- 

mA 

Forward Transconductance (Gate-to-Drain) 
Dual-Gate 

9fs 


1 kHz 

. 

12000 

_ 

. 

_ 


pmho 

Single-Gate 

9fs 

Vqs = +15 V 

ID = 10 mA 

TOual-Gate only 1 

1 V G 2S= +4VJ 

f = 1 MHz 

- 

- 

- 

- 

7000 

- 

pmho 

Small-Signal, Short-Circuit Input Capacitancet 

Ciss 

- 

6.5 

- 

- 

11 

- 

pF 

Small-Signal, Short-Circuit, Reverse Transfer 
Capacitance (Drain-to-Gate-No. 1)* 

Crss 

- 

0.02 

- 

- 

0.54 

- 

pF 

Small-Signal, Short-Circuit Output Capacitance 

C 0 ss 

- 

2 

- 

- 

2 ~ 

- 

pF 

Audio Spot Noise Figure* 

Dual-Gate 

NF 

f = 1 kHz 


0.46 





dB 

Single-Gate 

NF 


f = 1 kHz 


- 

- 

- 

0.29 

- 

dB 

Power Gain 

Gps 

44 MHz 

- | 

32 

- 

- 

~ I i 


dB 

Conversion Gain 

Gps(C) 

- 

24 

- 

- 


- 

dB 


t Capacitance between Gate No. 1 and all other terminals (Dual-Gate), Gate and all other terminals (Single-Gate) 
* Three-terminal measurement with Gate No. 2 and Source returned to guard terminal (Dual-Gate) 


where K = 1.38 x 10 23. T = Temperature in °Kelvin; BW = Bandwidth in Hz; 
Rg = Generator resistance 


Noise Figure = 10 logjg 
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TYPICAL CHARACTERISTICS FOR 40841 IN DUAL-GATE CONFIGURATION 
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SOLID-STATE TIMER FOR INDUSTRIAL APPLICATIONS 



A Cornell-Dubilier Electronics— Type MMW or equivalent. TIMING Cl RCUIT CHARACTERISTICS Q2: 

* R controls duration of time delay. At R = 60 up to 

5-minute delay (IRC resistor, Type CGH or equivalent) T/\ = —25 Cto+60 C 

% This circuit can also be used at supply voltages of 240 V AC Accuracy: ±10% (over temperature) 

and 24V AC (60 Hz) by changing the values of R1 and Q3. Repeatability: ±3% (at 25°C) D3: 

Reset Time: Less than 150 ms 

Fig.1 2— Typical timing circuit utilizing the 40841 in a single-gate configuration. 


V DRM = 60V 
l GT = 200 p A 
l T = 0.8 A 

Ir= InA 
V R = 60V 


OPERATING CONSIDERATIONS 

The flexible leads of the 40841 are usually soldered to the semiconductor device, the tips of soldering irons MUST be 

circuit elements. As in the case with any high-frequency grounded. 
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Dimensional Outlines 
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DIMENSIONAL OUTLINES FOR LINEAR INTEGRATED CIRCUITS AND MOS/FET'S 
JEDEC MO-002-AL 8-LEAD TO-5 STYLE 



NOTES 

t. Refer to Rules for Dimensioning Axial Lead Product Outlines. 


2. Leads at gauge plane within 0.007" (0. 1 78 mm) radius of True 
Position (TP) at maximum material condition. 

3. 00 applies between L-| and L2- 0 B 2 applies between L 2 and 
0.500" (12.70mm) from seating plane. Diameter is uncontrolled 
in L| and beyond 0.500" (12.70mm). 

4. Measure from Max. 0D. 

5. Ni is the quantity of allowable missing leads. 

6. N is the maximum quantity of lead positions. 



8-LEAD TO-5 STYLE WITH DUAL-IN-LINE FORMED LEADS (DIL-CAN) 



10-LEAD TO-5 STYLE PACKAGE JEDEC MO-006-AF 



1. Refer to Rules for Dimensioning Axial Lead Product Out 
lines. 


2. Leads at gauge plane within 0.007" (0.178 mm) radius of 
True Position (TP) at maximum material condition. 

3. 0B applies between Li and L2. 0B2 applies between L2 
and 0.500" (12.70 mm) from seating plane. Diamerer is 
uncontrolled in Li and beyond 0.500" (12.70 mm). 

4. Measure from Max. 0D. 

5. Ni is the quantity of allowable missing leads. 

6. IM is the maximum quantity of lead positions. 


10 FORMED LEADS RADIALLY 
ARRANGED TO-5 TYPE 


.335-.370 

(8.51-9.39) 



— Hh-:0I6— .019 
(.407- .482) 
DIA. 
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12-LEAD TO-5 STYLE PACKAGE JEDEC MO-006-AG 


MILLIMETERS 
MIN. I MAX. 


INDEX 

CENTERNs^' 

LINE 


0.165 0,185 

0.016 0.019 


0.335 0,370 

0.305 0,335 

0.020 0.040 

0.028 0.034 

0.029 0,045 

0.000 0.050 

0.250 0.500 

0.500 0.562 


NOTES: 

1. Refer to Roles for Dimensioning Axial Lead Product Out- 
lines. 

2. Leads at gauge plane within 0.007“ (0.178 mm) radius of 
True Position (TPI at maximum material condition. 

3. oB applies between Li and L2- 0B2 applies between L2 
and 0.500“ (12.70 mm) from seating plane. Diamerer is 
uncontrolled in Li and beyond 0.500“ (12.70 mm). 

4. Measure from Max. oD. 

5. Ni is the quantity of allowable missing leads. 

6. N is the maximum quantity of lead positions. 


8-LEAD DUAL-IN-LINE PLASTIC PACKAGE (MINI-DIP) 


SEATING PLANE 
GAUGE PLANE 





INCHES 


MILLIMETERS I 


MIN. MAX. 


MIN. 

MAX. 1 

A 

0.155 0.200 


3.94 1 5.08 | 

Al 

0.020 0.050 


0.508 

127 1 

B 

0.014 0.020 


0.356 0.508 

Bl 

0.035 0.065 


0.889 1.65 

C 

0.008 0.012* 


0.203 

0.304 

D 

0.370 0.400 


9.40 

10.16 

E 

0.300 0.325 


7.62 1 8.25 I 

El 

0.240 0.260 


6.10 

_6-60| 

e 1 

0.100 TP 

2 

2.54 TP 

e A 

0.300 TP 

2,3 

7.62 TP 

L 

0.125 0.150 


3.18 1 3.81 

l 2 

0.000 0.030 


0.000 

0.762 

a 

0° 15° 

4 

0“ 

15° 

N' 

8 

5 

8 

Ni 

0 

6 

0 

Q 1 

0.040 0.075 


1.02 1 1.90 

S 

0.015 0.060 


0.381 



NOTES: 

1. Refer to Rules for Dimensioning (JEDEC Publication No. 13) 
for Axial Lead Product Outlines. 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) 
at gauge plane with maximum material condition and unit 
installed. 

3. e/v applies in zone L2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N-j is the quantity of allowable missing leads. 

* When device is supplied solder dipped, the maximum load 
thickness (narrow portion) will not exceed 0.013". 


8-LEAD DUAL-IN-LINE FRIT-SEAL 
PACKAGE 


SEATIN G PLANE 
GAUGE PLANE 





INCHES 

NOTE 

MILLIMETERS | 


MIN. 

MAX. 


MIN. 

MAX. 

A 

0.155 

0.200 


3.94 

5.08 

A 1 

0.020 

0.050 


0.508 

1.27 

B 

0.014 

0.020 


0.356 

0.506 

B, 

0.050 

0.065 


1.27 

1.65 

C 

0.008 

0.012 


0.203 

0.304 

D 

0.376 

0.396 


9.55 

10.05 

E 

0.315 

0.345 


8.00 

8.76 

E, 

0 240 

0.260 


6.10 

6.60 

e 1 

0.100 TP 

2 

2.54 TP 

e A 

0 300 TP 

2.3 

7.62 TP 

L 

0.100 

0.150 


2.54 

3.81 

t-2 

0 000 

0.030 


0 000 

0.762 

a 

0° 

15° 

4 

0° 

15° 

N 

8 

5 


8 

Ni 

0 

6 


0 

Q 1 

0.040 

0075 


1.02 

1.90 

S 

0.020 

0 060 


0.508 

1.52 


, 0 „ . 1 r-. t _ __ _ _ _ 3. 6a applies in zone L? when unit installed. 

1 Refer to Rules for Dimensioning (JEDEC Publication No. 13) A * 

for Axial Lead Product Outlines. 4 O applies to spread leads prior to installation 

2. Leads within 0.005” (0 12 mm) radius of True Position (TP) at 5 N 15 the maximum quantity of lead positions, 
guage plane with maximum material condition and unit installed. 6. N-j is the quantity of allowable missing leads. 
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14-LEAD DUAL-IN-LINE PLASTIC AND FRIT-SEAL PACKAGE 
JEDEC MO-001-AB 



1. Refer to Rules for Dimensioning (JEDEC Publication No. 13) 
for Axial Lead Product Outlines. 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
guage plane with maximum material condition and unit installed. 

3. e A applies in zone L 2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N-j is the quantity of allowable missing leads. 

• When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013". 


16-LEAD DUAL-IN-LINE PLASTIC AND FRIT- SEAL PACKAGE 
JEDEC MO-001 -AC 




NOTES: 

1. Refer to Rules for Dimensioning (JEDEC Publication No. 13) 
for Axial Lead Product Outlines. 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
gauge plane with maximum material condition and unit installed. 

3. e A applies in zone L 2 when unit installed. 


4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N-| is the quantity of allowable missing leads. 

• When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013". 
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14-LEAD DUAL-IN-LINE CERAMIC PACKAGE JEDEC MO-OOI-AD 


SYMBOL 

INCHES 

NOTE 


MIN. 

MAX. 

MUM 

MEW 

A 

0.120 

0.160 


3.05 

4.06 

Al 

0.020 

0.065 


0.51 

1.65 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.050 

0.065 


1.27 

1.65 

C 

0.008 

• 0.012 


0.204 

0.304 

D 

0.745 

0.770 


18.93 

19.55 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

e 1 

0.100 TP 

2 

2.54 TP 

e A 

0.300 TP 

2,3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

L2 

0.000 

0.030 


0.000 

0.76 

a 

00 

KBf 

4 

0o 


pm 

14 

■1 

14 



0 

■9 


0 

Qi 

0.050 

0.085 




s 

0.065 

0.090 





92SS-44IIRI 




16-LEAD DUAL-IN-LINE CERAMIC PACKAGE JEDEC MO-OOI-AE 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.120 

0.160 


3.05 

4.06 

Al 

0.020 

0.065 


0.51 

1.65 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.035 

0.065 


0.89 

1.65 

C 

0.008 

•0.012 


0.204 

0.304 

D 

0.745 

0.785 


18.93 

19.93 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

e 1 

0.1 00 TP 

2 

2.54 TP 

e A 

0.300 TP 

2,3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

L 2 

0.000 

0.030 


0.000 

0.76 

a 

0° 

15° 

4 

0° 

15° 

N 


6 

5 


6 

N, 


0 

6 


0 

Q 1 

0.050 

0.085 


1.27 

2.15 

S 

0.015 

0.060 


0.39 

1.52 


92SS-4286R3 



Notes for 14- and 16-Lead Dual-in-Line Ceramic Packages 

1. Refer to Rules for Dimensioning (JEDEC Publication No. 13) 
for Axial Lead Product Outlines. 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
guage plane with maximum material condition and unit installed. 

3. e^ applies in zone L2 when unit installed. 


4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6- Ml is the quantity of allowable missing leads. 

©When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013". 


16-LEAD DUAL-IN-LINE ^POWER-STUD 



0.745 (18.93) 

0.785 (19.93) 

Pii n ir n ii n ii n ii n ii n ii? 

0.240(6.10) 

0.260(6.60) 

O <j 

PI 

0.035(0.89) 

0.0650.65) 

0.0l4(0.356) TYr 
0.020(0.508)' TK -~1 

u U y y u 


-MECHANICAL IN0EX 



0.020(0.51) 

0.0500.27) 


0.015(0.39) 

0.060(1.52} 
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14-LEAD QUAD-IN-LINE PLASTIC PACKAGE 



Recommended Mounting — Hole 
Dimensions and Spacing 



16-LEAD QUAD-IN-LINE PLASTIC PACKAGE 


L -785 /I9.93 \ „ 

. , .745 1 18.93) 

,030/.76\ x ' 

Q2ol 51 R 16 15 14 13 12 » 10 9 

°n\.ex\P n..n n IXn-g 

POINT 


APPROX. .062 (1.57) I 2 3 


u U u U u U'"tf 


.260 / 6.60\ 
.240 \ 6.10 / 


5 6 7 8 


.400 



TYP. 


.300 

(7.62) 

TYR 
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Recommended Mounting — Hole 
Dimensions and Spacing 



20-LEAD QUAD-IN-LINE PLASTIC PACKAGE 


I.OIO /25.65N J 

.990 \25.I5 ) H 


pflnflnilnrinri 





U L, UUU U UULI' 

23456789 10 



Recommended Mounting — Hole 
Dimensions and Spacing 



030 (.76) DIA. 

18 HOLES 

(IN CIRCUIT BOARD) 
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MODIFIED 16-LEAD QUAD-IN-LINE PLASTIC PACKAGE 
WITH INTEGRAL BENT DOWN WING-TAB HEAT SINK 



h— 0.745-0.785 — H 
(18.93-19.93) 


-H 0.251 f— 

| (6.38) | 

1 1 

i 

n n n 1 i n n n 

)-0.260 

)-6.60) 

‘ UJ ^R 


^TJ 


n 


EFHJ 


0.230(5.842) 

r— 0.150-0.160 
(3.810-4.064) 


r 0.020-0.050 
(0.51-1.27) I 


(0.89-1.65) 
8 LEADS 


r 0.053 DIA. 
(1.35) 

2 HOLES 


r 0.040-0.075 
| (1.02-1.90) 


4 


SEATING 

PLANE 


0.015-0.060 
(0.39-1.52) H 


Hh 0.014-0.020, 
' 1(0.356-0.508) 


it 


0.035-0.065 
" (0.89-1.65) 

4 PLACES 
-0.100 (2.54) ‘ 

TYP. 

SEVEN PLACES 


0.125-0.150 
_ (3.18-3.81) 


H- 0.100 (2.54) 
TYP. 



DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 


92CM-25044 


MODIFIED 16-LEAD QUAD-IN-LINE PLASTIC PACKAGE 
WITH INTEGRAL FLAT WING-TAB HEAT SINK 



DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 


92CM-25045 


757 







14-LEAD CERAMIC FLAT PACKAGE JEDEC MO-004AF 


OPTIONAL END 
CONFIG. TYPICAL 



SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.008 

0.100 


0.21 

2.54 

B 

0.015 

0.019 

1 

0.381 

0.482 

C 

0.003 

0.006 

1 

0.077 

0.152 

e 

0.050 TP 

2 

1.27 TP 

E 

0.200 

0.300 


5.1 

7.6 

H 

0.600 

1.000 


15.3 

25.4 

L 

0.150 

0.350 


3.9 

8.8 

N 

M 

3 

1 

4 

Q 

0.005 

0.050 


0.13 

1.27 

S 

0.000 

0.050 


0.00 

1.27 

z 

0.300 

4 

7.62 

Z 1 

0.400 

4 

10.16 


NOTES: 

1. Refer to Rules for Dimensioning Peripheral Lead Outlines. 

2. Leads within .005” (.12 mm) radius of True Position (TP) at 
maximum material condition. 

3. N is the maximum quantity of lead positions. 

4. Z and Z] determine a zone within which all body and lead 
irregularities lie. 


MODIFIED 16-LEAD DUAL-IN-LINE PLASTIC PACKAGE 
WITH INTEGRAL HEAT SINK 
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